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Preface

Equally as important as balloon thermodynamic problems (and perhaps more

challenging) are balloon aerodynamic drag problems, and the interrelated prob-

lems of dynamically determined balloon bubble shapes. A review of the literature

reveals that far from being solved, these latter problems have barely been de-

fined. Although we can draw no lasting comfort from knowing that our status is

not unique, #e should certainly be encouraged by the fact that others are vigor-

ously (and with some success) pursuing solutions to very similar problems. A

quite concise statement of our mutual difficulty is the following:I

The most basic problem of determining the equilibrium figure of (the
body) also requires a simultaneous evaluation of the flow around (the body),
which in turn depends on the shape. It is doubtful that (the body) attains a
true equilibrium figure under natural conditions, and the analytical prob-
lerris arising from the coupling of the flow and shape are unsolved, even
for the steady case.*

Quite simply stated, this paper re-evaluates the efforts that have gone into

proaucing practical aerodynamic-thermodynamic, flight performance models. It

has been justified primarily by those programs that require accurate ascent rate

prediction or the ability to arcount for the effects of balloon motion, insofar as

t.V

! * In the quotation we have substituted the term "the body" wherever Green used
the term the raindrop.

1. Green, A. W. (1975) An approximation for the shapes of large raindrops, J.
Appl. Meteorol. 14:1578-1583.

Jiii



they affect data obtained from balloon-borne sensors. Although our findings are
significant, they are not conclusive. However, it is hoped that the results will be

useful from both theoretical and practical perspectives. To the extent that they
are, much of the credit must go to Mrs. Catherine Rice, who is both the work unit

and task scientist, without whose contructive criticism the arguments herein
"would not have been as well organized or (we trust) as convincing.
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Factors Affecting the Vertical Motion of a
Zero-Pressure, Polyethylene, Free Balloon

"I. INTROI)JUCTION

"II. Objectives

Knowledge of the vertical motions of free balloon systems is important for
four reasons. f;ir.st, to effect a desired ascent profile, we w',ed to understand

how a balloon system responds, both to Its free-lift force and to changes in its
operational environment. Second, to initiate ascent (or dc -cent) or to vary the
rate, we must be able to predict the effects of both deballasting and gas valving.

Thirdly, to design a balloon-borne experiment, wve often need to be able to pre-

diet balloon systom motionts. Fourth, t* reduce certain flight sensor data, we

must be able to account for effects of system motions on scientific "1-- ations.
With these needs clearly established, we LV-present the relevant .... . and

restate the problems with' historical comments and fresh insights. In this way,
we seek to bring about better understanding of the problems, greater ease in

mo(difying them. and improved agreement between observed and predicted system
perforinmice.

(lBeceived for Publication 30 May 195)
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•.•/•.1,2 Dmckgtvtmd
The first step toward achieving our objectives was to review the rather e0-

ton•ive literature in two of throe problem areas that deal with balloon ascent find
float motions. These first two areas and the more significant works reported

thereunder are:

(a) Ascent Rlate Prediction Models
lq41 Clarke and Korff2

19,2 University of Minnesota3

1955 Noy and Winkler 4

1950 Erickson and Froehlich
1974 Nelson0a

1976 Kromer

(b) Comprehensive Flight Performance Models

1'1949 Smith and Murray8

1952 Hall9

1952 University of Minnesota 10

1961 Em.lieI1

19,63 Dinglwell et a112

g ' 1966 Germelos 18

1970 Hansen14

197,3 Fuiii et n1 5

1974 lrcith and K~rcider1O

1078 lRomero ot a 17

1978 Balis CremeIa

1001 Carlson and Horn 19

1901 Carlson and horn 20

The third problem area, Float Altitude Motions, encompasses Some of the
principal concern* that compelled this sttudy. Because of the scale of these m.-
tions, and the strictly operational nature of most free balloon efforts, it is not

surprising that literature in this ar . is scarce. However, there is extensive
reporting oil related natural motiou., of the atmosplhere, and on the motions of
floating superpressur balloons. A chronological sampling of such works il-

cludes:

,',K

0,1,. Because of tile large number of references cited above, they will not be listed
here. See Ileferences. page ,Il.

%''"
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M() Fluot Altitude Motions

I P-19P Smith mid Murray8

1950 EallinlO~ls et Al2t 22~o1
IM52 University of Minnesota 2 -
1 066 Mllrseh and ooker 23

1968 Nishihnura and Hn1rosawa 
2 4

I D69 Morris and S'eofan 2 5

1971 Nishinlur et nlt G

IM74 Levanon
2 '7

1976 Levaeton and Kushnir 28

1977 Julian et al23

1978 Massmman
3 0

We must keep in minnd that In tile late 1940s there was no otie who had any

experience with large balloons made from inextensible plastic films. In truth,

b-lloons having volunies In e.xcess of 10 million ft3 did not become common until

1959, and early balloon enwelopcs were made from either relatively inextensible

conted fabrics or the very extenslble radiosonde balloon material, We must also

bear in mind that a hIrge-scale digital computer was seldom available in the early

days of the plastic balloon; tils both prevented and discouraged attempts to solve

or even to define rigorously many of the problems.

21. E-1mon1, . , et al (1950) Ocillations in the straitoslphere and high tropo-
"sphere. Bull. Am. Meteorol. Soc. 31(No, 4):l35-l3f.

22. Vilverstiv of •Ninne•otn (1 9s:P) glt'eI(e?•ot'ol ePsetllarci lnd IDevelop-milen ill the Field of1" 19ih .tittiide Jlallooiis," V)htrnic M,- Contract Nora,•

2:1, Ilirseh, J1. II., siad llookeri, i). 11. (0986) Roponso of superpre.qsure bal-
loons to vwrtival air motions, J. Appl. Mrteorol. 5:226-229,

241. Nishimura, J. , and llirosawa, 11. (1968) The hunting mehanism uf plastic
balloons, ISAS Bull. 4(113):93-l10.

2.f. Morris, A. .. , and Stefan, K. 1I. (11M9) Hiih Altitude Balloons as Scientific
Platforms. National center foi Atmospheric Research,

L 2. Nishimura. J. . et al (1M7 1) Blalloon behavior during level flight, ISAS Bull.
. ~~7(l 0):2 57 -ý.60-

27. Lovanon, N. , et il (1974) On thte behavior of superpressure balloons at

150 mi , J. AppL.. Meteorol. 13:404 -50,1.K 28. Levanon, N. , and Kushnir, Y. (1976) On the response of superpressure bal-
- loons to displacements from equilibrium density level, J. Ap 4LNetcorol.

15:346-349.

29, Julian, P. , et al (1977) The TWErI.J- experiment, Bull. Am. Metaorol. Soc.
- hR•(No. 9):936-948.

30. Massman, W. J. (1970) Oil the niature of vertical oscillations of constant
volume balloons, J. Ap_. Metecorol. 17:1351-1356.
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".1 1. 22 1 ASCENT RATE PR(EDICTION MODELS

Early balloon users sought (and we still seek) mathematically simple models

for predicting balloon ascent rate. Even now we anticipate that a comprehensive

aerodynamic-thermodynamic flight performance model will enable us to perform

the types of factor sensitivity analyses necessary for the development of such a
rate prediction model. However, oith the increased capabilities of new micro-

computers we may soon have both the capa.-ity and the speed needed to solve the

comprehensive flight performance model (both interactively and in real-time) on
location at remote balloon launch sites.

The University of Minnesota3 developed the most frequently used and studied

ascent rate prediction model. Gildenberge used this model to analyze many bal-

loon ascents; his objective was to improve the accuracy and applicability of the

model by refining its thermodynamic and aerodynamic coefficients. Nelson's

efforts were directed along the same lines. 6 Ie published the results of these

efforts to use thc model for: (a) balloons with volumes from 1 to 30 million ft3 ,

(b) balloons carrying payloads weighing between 100 and 10, 000 Ibs, and (c) bal-

loons ascending before and after sunset. Like Gildenberg, he had limited success.
Considering what might be learned from using a complete flight performance

model (such as proposed herein), it is poss.ble that the University of Minnesota's

model might be enhanced to serve as a practical ascent rate predictor. Thus, we

reproduce the model so that the reader might appreciate its relative simplicity

(compared to the proposed comprehensive flight performance model). We note

that the originators urged caution in its use. [
i! ~ ~~F r. CI ;:: (G "-': v•: + 4 i-' vi °':/[x*2):::025)

"+ C2 *"(v•W*2) (F' * G/T):'(l/3)

where

F is the free lift force, normalized by dividing by the weight of the dis-

placed air,

Cl is the thermodynamic coefficient, 7.4E-04.

'B. D. Gildenberg retired as a meteorologist and balloon operations controller at
the AFOL's Holloman AFB balloon facility in New Mexico. His work on this
problem is contained in unpublished notes and letters to his coworkers.

t Arithmetic 7,perations in this report are expressed in FORTRAN operator sym -
it bols. These symbols are widely reLognized, but we include their definitions

here to ensure against misinterpretation: addition N+5, subtraction (-), multi-
plication ('5, division (I5, and exponentiation (**).

§4
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- ii the weight of the displaced air, lbs,L is the atmospheric lapse rate, degrees C per 1000 ft,

v is the ascent rate. ft por min,

T is the air temperature, degrees K,

C2 is the aerodynamic coefficien' 6. 5E-07,
P is the atmospheric pressure, mB.

Kremser's ascent rate prediction model7 seems to be the .•nly model that is

at least as sophisticated as that of the University of Minnesota. but it has not

been extensively evaluated. Therefore, we believe that a continued effort with

this type of model would be totally unproductive at this tirr.e.

1.2.2 COMPREHENSIVE FLIGHT PERFORMANCE MODELS

As with the ascent prediction models, we find that there are two main prob-

lem areas, namely, aerodynamic drag and thermodynamic drag, now designated

as heat transfer. Smnith and Murray8 treated both, but provided limited details

on flight thermodynamics. Their primary thermodynamic concerns were atmos-

pheric temperature lapse rate and the balloon gas superheat.

They treated aerodynamic drag in the conventional manner; they used a

spherical shape - the only comparable shape for which drag data was readily

available. On the other hand, they did note the ', during th. early part of the as-

cent, balloon shape is characterized by a "flabby, unfilled portion", which would

uffect the aerodynamic drag. Although this was a significant observation, they

failed to capitalize on it because, perhaps, balloon float altitudes at that time

were relatively low. Thus, the flabby portion would exist for an insignificant

time during the ascent.

Smith and Murray made a further observation. They noted the inability to

solve the general equations of motion using methods then available.

Hall9 recognized aerodynamic and thermodynamic drag problems as two of
• the principal1 difficulties of his day:

The greatest uncertainties in the analytical premises are in the rnagni-
tude and variation In the drag coefficient, .... and the mechanism and
rate of heat transfer between the balloon and its environment.

Apparently for the same reasons as Smith and Murray, he used the sphere as

his model for balloon shape. However, he noted that the balloon's "flexibility"

would "certainly" be a governing factor with respect to the drag coefficient.

Hall appears to have been the first to include in a flight performance model

the heat transfer processes: (a) free and forced convection between air and bal-

loon film, (b) free convection between inflation gas and balloon film, (c) solar

energy input, and (d) infrared heat exchange between balloon film and environment.

5
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A, His work was organized for analysis rather than for solution by numerical meth-

ods; his style is that of University of Minnesota researchers.

One cannot overemphasize the efforts and contributions of the University of

"Minnesota research team to both the aerodynamics and thermodynamics of free-
flight plastic balloons. Their work, which also included design of both balloons
and flight instrumentation, is recorded in 16 volumes (with flight data). In these

volumes there are four specific comments 3 ' 10 on aerodynamic drag problems

that are most relevant to our effort to provide an improved, reformatted, com-

prehensive, flight performance model;

Unfortunately in the case of an ascending nonextensible type balloon, the
shapt is not constant with altitude; varying from the shape of a small
sphere with long depending folds of fabric at take-off to roughly a spher-
ical shape at altitude. It is not possible therefore to use a single func-
tion CD(Rn) to predict the drag at all altitudes.

N, The difficulty in predicting the value of CD in advance lies in the fact•,' that the shape of the balloon is not constant with altitude, and thus one
"' ~cannot carry over the results of wind-tunnel experiments on any par-
i ticular shape of model.

The described dynamic pressure loading on the balloon is such as to
make the ballco,, more oblate than its original natural shape.

•-•It is not difficui. to imagine that a balloon free to change shape with

dynamic forces will hay, lone so appreciably before the velocity of
dimpling has been reaced.

Again, the difficulty in solving the drag problem seems to have caused investiga-

tors to ignore :t • at least to the extent that they did not attempt to synthesize

their observationi knio a formal statement he problem. t

Emslie was the first person to p. • an aerodynamic-thermodynamic

flight performance model in a system .at.ons for solution on a large - .le

digital computer. This system of ec . q was his means of investigating ýal-

loon dynamics. It included: (a' -' .. perfc'. Ras law, (b) an equation of vertical
motion, (c) a gas energy equatioi aid f,•i , equation for fabric or film energy

(film is now the preferred ne

Emslie made two e ¶ .nt points that relate to our current ef-
fort. First, although he lisen• a _.,abtant drag coefficient (again a tecnnological
expedient), he noted the gross asymmetries in the folds of the film below the gas

*Dimpling velocity is defined as that velocity at which the dynamic pressure in-
duced by the ascent rate equals the internal pressure on the crown of the balloon.

...... a- ,ther characteristic which unifies science is the ability to ignore prob-
lems ih are not yet capable of solution ... "31

31. Riwv L, P. J. (1983) A world in which nothing ever happens twice, J. Der.
Rsch. Soc. 34(No. 8);681.

6
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bubble when the balloori is below its float altitude (Figure 1). Second. he ex-
pressed the mass of the film surrounding the gas bubble as a function of the en-
closed vý,lume. Although he underetated the inass, basing it on the surface area

of a sphe'.e with a volume equal to the volunie of the enclosed gas bubble, he
nevertheless recognized that the mass of the filial involved In the heat transfer
process was not constant (see Figure 2).1 :1

Figure 1. Representative Configuration of an Ascending
Tailored Natural Shape Balloon, 2. 01 Million ft 3. Flight
No. H81-012. Note the extreme asymmetry of both the
gas bubble and folds of undeployed film below the bubble
shortly after launch

Prior to ]Emslie's work, performance models were used for relatively low
altitude balloon flights and relatively small balloons (with a few exceptions, of
course). His work camne at a time when we were beginning to fly routinely at
altitudes well above 100. 000 ft and on balloons with volumnes of 10. 000, 000 ft 3 and
larger. For such high performance systems, ascent ballast capacity was at a
premium and ascent times were on the order of hours - especially at night.
Thus, models developed to forecast accurately the ascent profile required even
more accurate formulation. Therefore, it is unfortunate that, in expanding

Emslie Is work. and in translating it into computer code, Dingwell et a12restated
the film energy equation, using constant film mass. Instead, they should have
redefined Ein slie Is model of the relationship between shell mass and instantaneous

7"7

i :1

I
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Figure 2. A Large Tailored Natural Shape Balloon, 21.77
Million ft 3 . Note that the balloon envelope material is not
concentrated around the gas bubble, but is distribted be-
tween the gas bubble and the "rope" of film yet to be de-
ployed. Balloon is shown shortly after launch on Flight No.
H78-052

volume, expressing the fact that the actual area of the balloon surface that en-

closes the gas is greater than the surface area of the enclosing shape, but that it

is far less than the constant area of the whole envelope (see Figure 3), except in

"the vicinity of the natural float altitude.

In continuing Emslie's work, Dingwell et al developed a system of nine simul-

taneous equations to solve for the following dependent variables as functions of

time:

(1) altitude

(2) vertical velocity

(3) gas temperature

(4) film temperature

(5) gas weight

(6) -instantaneous balloon volume

(7) atmospheric pressure

(8) atmospheric density
(9) payload weight.

8
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S~Figure 3. Approximate Mass of the Shell

Surrounding the Gas Bubble as a Fraction
of Total Film Mass, in Relation to the
Ratio of Instantaneous Specific Lift to Spe-
cific Lift at Natural Ceiling Altitude. The
approximation based on the simplified par-
achute shape model is given in subroutine
MYBLN. The spherical approximation is
based on the function:

R :-0. 5{I cos 10 (V/Vfliax)**(1/3)) )
i where R is the fractional surface area.

Vmax is the maximum volume, and V is
the instantaneous volume. Note that for a
balloon with a ceiling a!titude of 100,000
ft. the fractional surface area at launch is
about 10 percent of the entire envelope
area

To solve these equations, one had to determine certain parameters as functions of

time and the above dependent variables. These were the relevant heat transfer

coefficients, heat transfer areas, and optical properties. For these they provided

tables, graphs, and mathematical models, including those for heat transfer, both

by forced and free convection, and by radiation.

Germelest 3 reported extensions and improvements of analyses and computer

codes reported by Dingwell et al. Furthermore, he continued the constant film

mass error. Hansen14 made use of this work by Germeles, but apparently did not

modify it.
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"In Japan Fujii et ails developed a far less sophisticated routine; it included a

constart drag coefficient (0. 2) and a he ,'ansfer model that did not explicitly

contain the film mass term.
Kreith and Kreider 1 6 further refined the work of Germeles and Dingwell et al,

but made no reference to Emslie. Although they added a routine to compute CD as

a function of Reynolds number, and made significant changes in some of the heat

transfer models, they left the computer codes substantially the same as those re-

ported by Germeles. Their work is now the generally accepted standard.

Romero et a17 referred to the 'works Of both Germeles, and Kreith andSKreider. but Balis Cretan et a18referred to only Kreith and Kreider. Neither

•. work cited Emslie and both continued to use constant film mass. IRomero et al,

/• : however, did define separate values for drag coefficients in turbulent and laminar

flows. 0.45 and 1. 35 respectively.

Carlson and Horn19 followed the lead of Kreith and Kreider, using a system
of eight roughly "equivalent" equations - including the film mass term, still rep-
resented as a constant. However, they modified the assumptions to allow the in-

flatant to absorb and emit energy. This is a significant change that reqv4res

further study before 6eneral acceptance, especially in light of some of the changes

in this proposed model.

With regard to balloon shape, Carlson and Horn assumed that

... over much of the flight profile the balloon shape is close to a sphere..

and, accordingly, also used a drag coefficient model based on Reynolds number

only. In addition, they observed that computed

balloon ascent velocities between launch and the tropopause are very
sensitive to the values of CD,

and suggested that the balloon could

'• ... experience significant skin friction drag in addition to the pressure"drag normally found on a sphere.

Carlson and Horn 2 0 added significantly to their previous observations when

they commented that the apparent virtual mass coefficient, used in the first equa-

tion, might be inappropriate for "the balloon configuration."

1. 2.3 FLOAT ALTITUDE MOTIONS

The vertical motions of a zero-pressure balloon at float altitude are complex.

If we are to understand them at all, we must also understand the zero-pressure

balloon's interaction with its use environment. Although we found that very little

exists on this subject, we did find the following to be both pertinent and interest-

ing.

-a 10
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(a) Smith and Murray8 noted the influence of vertical winds on vertical bal-

loon motions. They even included these wind models in their flight performance

model, but the effects at today's relatively "high" altitudes may be insignificant.
k 24(b) Nishimura and Hirosava treat a "hunting" motion that relates to the

balloon construction (a subject area not to be ignored with regard to its effects on

balloon performance at natural float altitude).

(c) Massman3 0 comments that "... the Brunt-Vaisala oscillations of the bal-

loon's EDS (equilibrium density surface) can have a period as short as 5 nin in

the stratosphere. "*

1.3 Conclusions Dased on the Literature Search

Based on findings and observations that appear in the cited literature, we

believe that four areas deserve particular attention in the formulation of any flight

performance model: (a) balloon shape during ascent, (b) n', chanism for heat

transfer between the gas and the film, (c) aerodynamic drag coefticient; and (d)

added mass.

1. 3. 1 BALLOON SHAPE DURING ASCENT

The shape taken by the -partially full balloon (gas bubble), while either as-

cending or floating, governs the effective envelope mass, the gas bubble surface

area, and the areas involved in heat transfer processes (Figure 4). Also during

ascent and descent the shape affects the drag area (Figure 5) and the 'ir flow

around the balloon, hence, the aerodynamic drag coefficient, Possibly, as we

shall see; it also affects the added mass.
Clearly ascending (or descending) balloon shapes are far from spherical -

even though the leading surface of the gas bubbles in Figures 6 and 7 appear to be

hemispherical. Factually, a partially full balloon is asymmetrical in every plane,

and this asymmetry is further exaggerated by the gore deployment, which is

.v•. governed in turn by the gore pattern. t Figures 1, 2, and 4 show bubble shapes

quite typical of today's large, fully tailored, natural shape balloons; the maximum

The Brunt-Vaisala period is defined to be: 2 * v/SQrT [ g * (Beta + dT/dh)/T]
seconds, with the terms defined in Brunt. 32

tFor a short commentary on the development of balloon gore patterns see
"Dwyer. 33

N 32. Brunt, D. (1927) The period of simple vertical oscillations in the atmosphere,
Quart. J. Roy. Meteorol. Soc. 53:30-32.

33. Dwyer, J. F. (1978) Zero pressure balloon shapes, past, present, and
future, Scientific Ballooning (COSPAR). W. Riedler, Ed., Pergamon
Press, pp. 9-19.
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Figure 4. Balloon Ascent Shape, Flight No.
H84-003. The early ascent shape and relative
gas bubble surface area of this tailored natu-
ral shape balloon, model no. SV-017B. differs
considerably from those of the fully tailored
natural shape balloons shown in Figures 1 and
2. It is an intermediate size heavyload balloon
having a maximum volume of 5. 142 million ft3

horizontal cross section of each of these balloons is far less circular than those of

earlier balloons made with either rectangular or semi-tailored gores (compare the

bubble shar.pes in Figures 1 and 7).

During inflation, the balloons in Figures 6 and 7 assumed the characteristic

shape shown in Figure 8, Gore pattern types that produce such shapes are shown

in Figure 9 as patterns, numbers 2 and 3, and (to a lesser degree) pattern num-

ber 4. On the other hand, Figures 10 through 12 are representative of the pre-

launch shapes of balloons, such as those shown during ascent in Figures 1, 2. 4,
and 5. These latter shapes are characteristic of balloons made with fully tailored

gores, pattern number 1, Figure 9.

In addition to the gas bubble proper, we should also consider the shape and

effects of the trailing undeployed balloon shell. This is the mass of film that (as

"we noted) Smith and Murray called the "... flabby unfilled portion... " and re -

searchers at the University of Minnesota described as "... long depending folds

of fabric.. " Emslie also noted the gross asymmetries in the folds of undeployed

*" material, and Carlson and Horn called attention to the fact that large balloons, in

12
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* Figure 5. Ascent Configuration of a Rlelatively
Small, Fully Tailored Balloon. Model No. LTV-
019, Having a Maximum Volume of 628,000 ft3,
Flight No. HR1-006. The highly assymetric
horizontal cross-section is common in a balloon
of this size at liftoff

the early stages of ascent (when the existence of this surplus is most evident),

have shapes that are ".. significantly different from that of a sphere.. " It Is
probable that this shape feature plays an important role in determining the drag

coefficient, much as in the case of a sphere with a splitter plate. 34

To better represent overall balloon shape in a computable configuration, we

selected the existing balloon shape model shown in Figuare 13.35 This contrived

shape has at least two distinct advantages. First, it provides smooth transition

from the modeled, partially full state to the full, natural shape state, a most im -

portant consideration in the analysis of vertical motions that occur at or near the

natural ceiling altitude. Second, it permits reasonably accurate computation of

the instantaneous mass of the balloon film involved in the heat transfer process -

including load cap film, if such is present.

34. Hoerner, S. F. (1965) Fluid-Dynamic Drag (published by author).

3F. Dwyer, J. F. (1980) The Problem: Instantaneously Effecting .Controlled Bal-
loon-System Descent fromn High Altitude, AFGL-TH-80-0277, AD A100255.
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Sl:'Figure 6. Ascent Configu~ration of an•

•'•! Early Moby Dick Balloon Having Semi-
!•i Tailored or Rlectangular Gores and a

Maximum Volume Less 'Man 100, 000
ft3, Flight No. E-149, 27 Noveinbe:,',,

S~1953. 'I'he hemispherical crown an~d

large air pocket are characteristic of
. ~balloons constructed with tihe afore-

mentioned gore pattern.s

•i 1. 3. 2 MECHANISM FOR HEIAT TRANSFER BETrWE-N THESGAS AND THE FILM

.•, Traditionally. one has assumed that the mechanism for heat transfer between
the gas and balloon wall is free convection. We have n~o direct evidence to support
this assumption; neither do we have knowledge of th~e sensitivity of the models

i~i!! based on this assumed mechanism. However', we do have evidence that an ascend-
•Fing balloon is quite asymmetric (see Figures i, 2, 5, a nd upward looking

Scameras have shown how balloons rotate considerably during ascent. These two

facts suggest that the gas should be in constant motionr agitated by large internal
"of the envelope material that are surplus to the inxtantaneous st00p0. Te0

" fore. one might ask whether this Neat transfer is due to forced. rather than to free

convection. TTe differences in computed hight performances based on these oppos-

741 ing assumptions are not known; should they not be significant, then the raore easily
computed model should be used. We do not yet have sufficient reason to break

with convention on this issue and consequently continue to use free convection.

0.4•
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Figure 7. Ascent Configuration of a Semni-Tailored Balloon,
Model No. TTV-001F, Flight No. H73-0 16. This tapeless,
semi-cylinder balloon, having a volume of 804, 000 ft 3. has
the same configuration characteristic of tile Moby Dick bal-
loon shown in Figure 6

41.3.3 AERODYNAMIC DRAG COLEFFICIENT

Drag coefficient models found in tihe literature have ranged from a si-igle
156value, through a five-part, piecewise continuous function of Reynolds number,

to tile categorical conclusion that a single function relationship between drag coef-
10ficient and Reynolds number is not possible. in the literature, three bases for

arguments support the lntter conclusion: (a) inconstant shape, (b) shape deform-

ability, and (c) dimensional reasoning. Based on the arguments that follow, we

conclude that any valid model that is to determine aerod)yiamic drag coefficients

must consider at least two dimensionless variables: Reynolds number and Froude

number. Further, because the shape has no single characteristic length, it is
reasonable to expect that we will nced a third dimensionless variable, fractional

volume. This latter variable is defined as the ratio of the instantaneous volume

to the maximum volume; it has the effect of normalizing the shape so that a single

dimension of the balloon might serve as a characteristic length to determine the

effective drag area.

"*1,



Figure 3. Inflatioll Configuration of a
Semi-Tailored Balloon, Model No. TTV-
001F, Flight No. 1181-014. During in-
flation the tapeless. semi-cylinder bal-
loon is characterized by highly irregular
deplo0y1111t off m1&ttr1Uil OxcedS to 010
amount needed to enclose the gas bubble.
What appear to be load tapes are slumin-
urni-backed polyethylene seem reinforce-
"ients; these make the system more
radar reflective

1. 3. 3. 1 Inconstant Shape

The University of Minnesota study summarizes well the argunient based on

inconstant shape:

J, , Unfortunately in the case of an ascending twon-oxtensible type balloon, the
shiape is -not constant with altitude, varying !rom the shupe of a smali
sphere with long depending. folds of fabric at Vike-oe. to r,,ighly a spher-
ical shape at altitude. It is n3t possible thexefore to use a single function
CD(Rni) to predict the drag at all altitudes. SI emphasis addedl

Schlichting, 36 also in this regard, notes that the use of lleynlolds wwiuber

alone presupposes both the same shape and orientatio=. When one considers the

36. Schlichting, II. (1968) Doundary-L~yer Theory, McGraw-Uuill Lok Co. , New
York, 6th Edition. p. 16.
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Fiu'e by Gore Pattern Types fo t i Natural S hape thloonse The spatterposshown are: (1) fully tailored, (2) rectangular. (3) semi-tailot,'ed, anti

(4) tapeiied tangent. Thuse respective patterns are used to construct tile
following balloon typesD (a) fully tailored balloons, (b) cylinder balloons,
(e) s1m recgcnlizer (some times called tailot'ed tsapelsi)iballoons, adrnc(d) tailored balUoonb

docunuented balloon shap~es alid tlhe (liff'erozces between tihe forward surfaCeS pre-

sented by rising and descending ballOolns, it is ccear that these two presuppositions

aro invajid, Hlence, uase of l~eyutohld (Itlnlbte alone iS insufficienht,

&. 3. 3.2 Shxape Deformability

We have recogn~izd for at long time that theru' is a $ieuificant diffferencv be-

tween tile static shapes of free balloons just prior to launch and tile dynamic

shapes taken by tile same balloons during ascent. We concluded from this that:

(a) tile as'ent shapes of a balloon represented deformations of static shapes,

(b) the aer'odynamic shapes of the balloons were dopeodent on aetodylnamic drag.

(c) solutions to the drag problem involved free surface phenomena. and (d) the

Froude number should play a role equally as important as tile Reynolds number.

We are still surprised that the connection between Shape deformation, free sur-

face phenomena, Froude number, and aerodynamnic drag was not made long ago,

in the earlier motion studies.

In the literature on balloons, there are numerus observations that suggest

tile applicabilitr of free surface phenomena to the aerodynamic drag problem.

Hall im•plied such in his use of the term "flexibility". and in his cei'tainty that

flexibility would be a governing factor in tile determination of drag. Tihe Univer-

sity of Minnesota study likewise implied tile relevance of such phenomena when it

1?
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Figure 10. Inflation Configuration of a
Fully Tailored Balloon, Model No. LTV-
018. Having a Maximum Volume of
355. 000 ft'. Flight No. H80-029. From
the top end-fitting outward, the fully
tailored gores are uniformly deployed

described the dynamic pressure acting dawnward on the top of the balloon, making

it ".. more oblate than ;its original natural shape. " It [I U. of M. I further rein-

forced our unique and unusual interpretation by the comment. "It is not difficult to

imagine that a balloon free to change shape with dynamic forces will have done so

appreciably before the velocity of dimpling has been reached. " I emphasis addedi

Interpretation of this deformt.tion as a free surface phenomenon is also strength-
ened by the Carlson and Horn reference to the possibility that the balloon apex

region, during the early stages of ascent, might be "... more oblate than a sphere

ciue to pressure differences across the film.
"Where such deformations do occur, Schlichting notes that drag based only on

Reynolds number is invalid and that the Froude number must be considered. In-

deed, when we re-examined the University of Minnesota's treatment of dimpling

velocity, we found that the ratio of dynamic pressure tc static internal pressure

could be reduced to the Froude number.

We considered three other aerodynamic problem areas to be potentially en-

lightening with respect to free surface phenomena and Froude number, insofar

as they relate to shape deformability: they *ere raindrops, parachutes, and

18



Figure 11. Inflation Configuration of a
Fully Tailored Balloon. Model No. LTV -
013A, Having a Maximum Volume of
2. 9 Million ft3 . Flight No. H80-039.
From the top end-fitting outward, the
fully tailored gores are uniformly de-
ployed

air-supported structures. Although none of these areas yielded anything directly

applicable to our problem, the review did provide sorne rewarding insights.

Gillaspy37 commented on the raindrop problem, one which ia quite analogous

to ours:

A sphere falling in a fluid medium will attain a constant or terminal ve-
locity. When falling at terminal ve.-locity, all of the forces on the sphere
are in equilibrium. If the sphtere is composed of solid material, this
equilibrium is the balance betwecn the weight and the aerodynamic drag
forces on the sphere. However, in a liquid drop the balance is -nuch
more complicated. Other forces arise from the fact that the drop is
liquid and deformable. (emphasis added

37. Gillaspy, P. H. (1981) Experimental Determination of the Effect of Physical
Properties on the Drag R L iquT'ops, Ph. D. Dissertation, University of
Nevada (funded under U. S. Army Research Office Contract No. DAAB29-
77-0-1072).
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Figure )2. Inflation Configuration of a
Fully Tailored Balloon. Model No. SV-
017B, Having a Maximum Volume of
5. 142 Million ft 3 , Flight No. H84-003.
From the top end-fitting oub.ard, the
fully tailored gores are uniformly de-
ployed

He developed a model that accounted for influences of Reynolds number and Bond

number. Like the Froude number in our proposed approach to balloon aerody-

namic problems, the Bond number accounts for the effects of gravity.

Perhaps balloon problems are generically closer to parachute problems than

they are to raindrop problems, primarily because the stresses in a balloon shell

are closer to stresses in a parachute canopy than they are to surface tensions in
a raindrop. On this premise, Von Karman's introduction of the Froude number

- 38
into the analysis of parachute opening shock provides some additional encour-

agement that the Froude number might indeed be one key to the solution of aero-

dynamic drag problems involving balloons.

"38. Von Karman, T. (1945) Note on Analysis of the Opening Shock of Parachutes
"at Various Altitudes, FT ..T Scientific Advisory Group.
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BNS~ 
Bps

Figure 13. Simplified Parachute -Shape Model.
In this model, V is the volume of the inflation
gas, A is the apex, BNS is the base of the nat-
ural shape generator, B3p5 is the base of the
model, T is the point of tangency between the
lower portion of the model and generator shape,
and the actual balloon gorelength is the distance
between A and BpS

We found in. the recent literature on air-supported structures only limited
references to Froude number; these were with respect to large tensioned, pneu-
mnatic structures. 3,0We cite themn only to indicate that application of free sur-
face phenomena to problems dealing with deformable barrier surfaces has further,
and more recent, precedent.

Clearly balloon deformability justifies our interpretation of balloon aerody-
namnic drag as. a free surface problem. Furthermore. it supports the conclusion
that we cannot determnine aerodynamio drag coefficients by Reynolds number alone;
that we must also consider another dimensionless variable - the Froude number.

39. Tlryggvason, 13, V, , and Isyumov, N. (1978) Similarity requirements for in-
flatable structures, Proceedingsof the Third U. S. NationalConference
(on Wind En nineerin 7 lRe sear~ch), Univers ity of Florida, Ga~ns i, Flor -
ida, pp. 335-330.

40. 'r'yggvason, 13. V. (1979) Aeroclastic modelling of' pneumatic arid tensioned
fabric structures, Proceedings of the 1Fifth International Conference (onl
Windq~n ineering1-), ýFort Collins, Colorado', pp. 1061-1072.
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1.3.3.3 Dimensional Reasoning

Finally, Landau, 41 on the basis of dimensional reasoning argues:

If the force of gravity has an important effect upon the flow, then the
latter (drag force) is determined not by three but by four parameters

(including the acceleration of gravity)... From these parameters
we can construct not one but two independent dimensionless quantities.
These can be, for instance, the Reynolds number and the Froude
number... (and) ... two flows will be similar only if both these num-
bers have-the-same values.

1.3.4 ADDED MASS

The conditions under which the added mass term applies are not well defined,

and Carlson and Horn20 questioned (as did we) whether the term is applied prop-

erly to the configuration (of the partially full balloon in vertical motion). We as-
sume that their doubt (like ours) applies only under the stated conditions, when

that film, excess to the instantaneous bubble shape, can deploy asymmetrically
to form pockets of ambient air (see Figures 6 and 7). This type of deployment
would have the effect of increasing the volume in the added mass product repre-

sented as CM*BUOY [ see Eq. (1) in Section 2. 1). This seems quite probable only
at low and intermediate altitudes, before the nadir cone angle becomes great
enough to prevent the formation of such air pockets. If adjustment of the added

mass term is ever deemed necessary, the added mass coefficient CM can prob-
ably be developed as a function of fractional volume for each specific balloon con-
struction type. This is not thought to be required for the large, fully tailored
balloons that predominate today, Consequently, such a function will not be intro-
duced at this stage in the development of a comprehensive flight performance

model.

2. A NEW FLIGHT PERFORMANCE MODEl°

In the following model, the operator D[ j represents the first derivative with
respect to time, The definitions of terms in the equations are given once in the

subsection on each equation, and again in the glossary, where (along with their
dimensions) their FORTRAN names are given. Complex model components are
explained separately; otherwise they are clarified by explicit comments included

in the program FORTRAN codes or implicitly by references to specific equations
and/or figures appearing in cited documents.

41. Landau, L. D., and Lifshitz, E. M. (1959) Fluid Mechanics, Addison-Wesley
Publishing Co., Inc., p. 63.
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2.1 The Differential Eqsuations

The following eight differential equations define the model when the balloon is

partially full; either when it is floating or when it is moving vertically, upward or

downward. In these cases: (a) the gas volume V is free to expand or contract,

(b) the gas pressure Pg is assumed to follow the ambient pressure, (c) the tern-

perature of the gas Tg reacts to the gas expansion or contraction, and (d) the gas

weight Wg is constant if the apex valve is closed.

Divi (BUOY - DRAG - WS)/[ (WS + CM * BUOY)/G] (1)

Di WJ -DB (2)

D1 ZI v (3)

D[Tf I (Q1 +Q2 +Q3 +Q4 -Q5 +Q6+ Q7)/(CFO WE) (4)

DIWgJ - VV * SWG (5)

D[Tg] = (- QI -Q7 +Q8 + Q9 -Q10+QII -SW: V v)/[Wg 4 (CV +RG)]
(6)

DIVJ = V * {DIWgI/Wg+ DITgJ/Tg+v/(RA Ta)) (7)

D[ Pgj -SW "' v (8)

When, however, the volume of the gas bubble equals the maximum volume of

the balloon, and the gas in the balloon is still expanding. either gas must be ex-

pelled through the ducts or the balloon will eventually burst. To model this vent-

ing, new relationships are required; Eqs. (5a) through (8a) [which replace Eqs.

(5) through (8)1 provide just such a model. In execution: (a) the gas pressure

changes as the balloon vents gas, (b) the bubble volume remains constant, (c) the

gas temperature reacts to restricted expansion, and (d) the weight of the gas is

reduced due to the venting process. Equations for this alternate balloon state are:

D[ Wgl = - (V + VD) * SWG (5a)

D[ TgJ = - - Q7 + Q8 + Q9- QIO + Q 1- Pg *DI Wg/SWG)/(Wg CV)

(6a)

DIVI = 0. (7a)

D[ PgI = Pg * (D[ Wgi/Wg + D[ Tg]/Tg) . (8a)
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We introduced a simple version of this duct venting model in a paper on bal-

loon design, 2 and modified it herein to work with the dynamic case. It is a major

change from all previous flight performance models. Those models used a routine

called burping; the name (origin unknown) is somewhat inelegant, but the routine is

mathemnatically effective.

However, for the analysis of vertical motions of full balloons at float, it is

important that performance model outputs represent (as nearly as possible) actual

flight performance; use of the burping model precludes this. Yet, even our more

sophisticated process does not account for volume increases when balloons change

shape due to venting backpressure. For a venting balloon carrying a payload less
than or equal to its design payload, the balloon shell is fully deployed and taut; the

volume cannot change perceptibly. The same balloon, carrying a significantly
heavier-than-design payload, has excess envelope material and excess potential

volume when it begins to vent. As backpressure is created and rises due to vent-
ing excess gas, gas expands into the potential volume and observed performance

may differ considerably from the model's output. The described performance is

typical of fully tailored, natural shape, free balloons. Cylinder balloon perform-

ance, on the other hand, is considerably different and more complex, but cylinder

balloons are no longer used routinely. (See Nishimura and Hirosawa. 24

2. 1. 1 THE EQUATION OF MOTION

D[ v] - (BUOY - DRAG - WS)/[ (WS + CM * BUOY)/GJ

where

v is the vertical velocity of the system,

BUOY is the weight of the displaced ambient air,

DRAG is the aerodynamic force resisting balloon vertical motion,

WS is the system weight, including the gas,

CM is the coefficient of added or virtual mass,

G is the gravitational constant.

This equation is essentially equivalent to Eq. (1) of Horn and Carlson.

However, we have adjusted it to enoile the use of weight in place of mass as a
primary dimension. It contains references to two previously discussed problem

42. Dwyer, J. F. (19112) Polyethylene Free Balloon Design From the Perspective
of User and Designei', AFGL-TR-82-0350, AD A127553.

43. Horn, W. J.T, and Carlson, L. A. (1983) THERMTRAJ: A Fortran Prograin
tC ute the Trajectory and Gas Filh-,i.peratures of Zero pressure
* 3alloonsNASA Contractor Report 168342.
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areas: added mass, expressed by the term CM * BUOY, and aerodynamic drag,

expressed by the term DRAG. As already stated, we continue with the traditional

approach to added mass, but not, however, to aerodynamic drag. The term DIRAG

can be expanded as:

DRAG 0.5* RO CD* HC v ABS(v)

where

RO is the density of the ambient air computed by the subroutinle VIRON,

CD is the aerodynamic drag coefficient,
HC is the horizontal gas bubble cross section, as defined in subroutine

MYBLN.

We reserve treatment of ýhe term CD to Section 3, where we will provide specific

comments on the problems of modeling it.

2.1.2 DEBALLASTING EQUATION
The deballasting equation accounts for reductions in the dead weight payload

on the balloon. It is included as a differential equation (rather than a simple func-

tion of time) as a matter of choice, and because a prior version of this perform-

ance model included provisions for a cryogenic ballast system that will be rein-

stituted when sufficient theoretical or practical interest arises.

DIWI = -DR3

where W is the weight suspended beneath the balloon and D13 is the ballast pouring

rate.

2.1.3 ALTITUDE EQUATION

This is identical to Eq. (2) of Horn and Carlson.

Di ZI v

where Z is the altitude (above msl) of the system.

2.1.4 FILM TEMPERATURE MODEL

DITfJ (QI + Q2 + Q3 + Q4 -Q5 + Q6 + Q),/(CF e WE),

where

Tf is the balloon film temperature,

QI is the rate of free convective heat transfer between the gas and
balloon wall,

25
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Q2 is the rate of direct solar energy absorption by the balloon wall,

Q3 is the rate of IR energy absorption by the balloon wall,

Q4 is the rate of free (or forced) convective heat transfer between the
balloon wall and the air,

Q5 is the rate of IR energy emission by the balloon wall,
Q6 is the rate of absorption of reflected solar energy,

Q7 is the rate of radiative exchange between the gas and balloon wall,
CF is the specific heat of the balloon film,
WV is the gas bubble envelope weight computed from the balloon shape

parameters as determined by subroutines MYBLN and NELSON.

'rhis temperature model and Eq. (4) of Horn and Carlson4 3 are comparable,
but a significant difference exists between our term WE and their term MASSF.
The latter term is a constant; it accounts for the mass of the entire balloon enve-
lope. On the other hand, the term WE refers to only part of the fabricated aalloon
envelope: that part which, at a given instant, surrounds the bas bubble. WE de-
pends upon both the balloon envelope construction and the degree of inflation.
Conceptually, WE was developed independently of, and without recourse to, the
work of Emslie. However, it can be viewed and should be viewed, as a more

accurate version of his model, even though it is a unique development.
As a factorable term in the denominator, WE (like MASSF) significantly af-

fects the valucs computed by this function, most particularly for very larg& bal-
loons and for small fractional volumes. One should l.lso note that we have dropped
the product (Tf * D[ WE] /WE), a second-order term that results from the fact that
WE is not constant,

Terms QI through Q7 are treated in more detail in Section 2.2, the section

on heat transfer models.

2. l.,5 GAS WEIGHT MODEL (SLACK BALLOON)

D[ Wgj = -VV ' SWG

where

Wg is the balloon gas weight,
VV is the apex gas valve discharge rate,

SWG is the specific weight of the balloon gas.

This gas weight mcde, is comparable with Eq. (3) of Horn and Carlson,43 but
it incorporates a mathematical model of the EV-13 apex valve discharge rates
based on data in an earlier report. 35
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2. 1.6 GAS TEMPElIATU1UE MODEL (SLACK BALLOON)

D[TgI = (-Qi -Q7 +Q8+Q9 -QIO +QlI -SW4 V * v)/[Wg* (CV .11G))

- .. ~where

Q8 is the rate of absorption of direct solar energy by the gas,

Q9 is tile rate of absorption of reflected solar energy by the gas,

QIO is the rate of emission of IR energy by the gas,

Q11 is the rate of absorption of III energy by the gas,

SW is the specific weightof the an-bient air computed by subroutine VIRON,

V is the instantaneous volume of the gas bubble,

CV is the specific heat of the gas (at constant volume),

IRG is the specific gas constant for the inflatant.

This gas temperature model is comparable with Eq. (5) of Horn and Carlson4 3

,ad with Kreith and Kreider. Again, terms QI and Q7 through QI I are treated

in Section 2.2.

2. 1. 7 GAS VOLUME MODEL (SLACK BALLOON)

D1VI = V * ID[ WgI /Wg 4- D Tgl /'rg + v/(IA ,, Ta)

where

RA is the specific gas constant for air,

ra is the ambient air temperature, computed by subroutine VIRON.

The gas volume model is iWcluded as a differential equation, rather than as a

definite function of temperature, pressure, and mass, for previously cited rea-

sonls.

2. 1. 8 BALLOON GAS PRESSURE MODEL (SLACK BALLOON)

The nature of our duct venting model requires that we include balloonl gas

ptressure as a differential equation for thle case of thle full balloon; the difftrential

equation is included in the slack balloon case only because it is required by the

symmetry of tile solution process.

D DPg] = SW* v v

where Pg is the balloon gas pressure.

2. 1. 9 GAS WEIGHT IIODEI.. (FULL BALLOON)

"This gas weight model differs from Eq. (6) for slack balloons in that it in-

cludes the duct venting model previously discussed in Section 2. 1. In this regard

it differs also from Eq. (3) of Horn and Carlson.
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DI)WgJ - (\iV + VI)) -• SWO

where V I) is tile duct discharge rate.

2, 1. 10 GAS TEMPERATURE MODEL (FULL BALLOON)

I)TgI = (-QI - Q7 +Q0+Q9 -Qt0 +Q1l - Pg*' D[Wgi/SWG)/(Wg* CV)

This gras temperature model is comparable to Eq. (5) of Horn and Carlson' 3

16
and with Kricith and Krcider, except that it has been modified to reflect the

effect of venting excess gas. Again, terms Q1 and Q7 through QI 1 are treated in

Section 2.2.

2. 1. 11 GAS VOLUME MODEL (FULL BALLOON)

The gas volum-o model is included as a differential equation, rather than as a
defiiiite Cunt-tion of temperature, pressure. and mass, for previously cited rea-

soils.

I )r)[lvi M 0

0. 2. I. 12 11AIA,.ON GAS PIRESSURE MODEL (-ULL.. BALLOON)

.lalloon gas pressure is computed as an essential factor in the model of ducts
venting excess lifting gas when the volume of the inflatant tends to exceed the max-
imum volume of the balloon.

Dj Pgi -- Pg " (i Wg] /Wg .+. Di rg] /'ng)o

" - 2.2 Ih.:l Trsansfer Modehls

Beat energy added to or lost by the inflatant is a major factor in overall sys-
tern performance,. Added heat energy decreases the density of the inflatant, there-
by increasing the buoyancy. When heat energy is lost the effect is opposite. To r'e-
ittrate, heat transfer models (relative to polyethylene balloon flight analysis) were

introducetd by Hall9 prior to the deveJopment of flight performance models for solu-
tion by large scale digital computers. Over the last 32 years these models have
evolved into I I elements, the last five of which result from efforts by Carijon4 4

to correlate theoretical and actual flight performance. Assumptions underlying

these last five elements must still be validated, for he notes that the absorption

and emission values deduced for the inflatant are not independent of the balloon

envelope materials used on the flights from which tie data were obtained.

44. Canrlson, L,. A. (1979) A new thermal analysis model for high altitude bal-

loons, Proceedings, Tenth AFGL Scientific Balloon gymposium, Catherine
"L. Hice, Ed. , pp. 1837-206.

28

.47



Vsl Given our use of FoirrRAN notation and nonsubscr-pted symbols, and in order

.eep our notnenclature atid symbols reasonably close to those of Carlson and

11orn, we express convective heat transfer between a gas and some object as fol-

lows :

Q CH- ' dT * Area =k 4 Nu/L] * dT Area

where

U is the thermal conductivity of the gas,

Nu is a Nusselt number,
L is a length, characteristic of the object's shape (in this application,

the maximum horizontal diameter of the assumed shape),

d'l is the difference in their temperatures,

Area is the involved surface area of the object,

,CH is the convective heat transfer coefficient, generally correlated
with tile Nasselt number by the relationship; I k * Nu/ .U,

2.2. 1 FiREE CONVECTIVE HEAT TRANSFER BETWEEN
THE GAS AND THE BALLOON WALL

Ql CQI * CO* GNl 1 Nu * (Tg - Tf) * SA/DM

-> ~.where
CQl is a correction coefficient to be established on the basis of exper-

ience (initially, CQI = 1).

CG is the gas thermal conductivity coefficient,

GNI is the Nusselt number correction.

Nu is the Nutqselt number,

SA is tile surface area of the gas bubble shape comr uted by subroutineMYnLN,

DMTO is the diameter of the bubble model computed by subroutine MYI3LN.

Since we still consider this process as free, rather than forced convection,

we represent the Nusselt number in tile general form:

Nu = a * lb + c * (Pr * Gr)**(d) I

where

a is an arbitrary constant (as are b. c. and d),

iPr is the Prandtl number for Hulium, 0.67,

Gr is the Grashof number expressed as
0 0 I (DM * SWG/VSG)**21 A AAS3(Tf - Tg)/Tg

SWG is the specific weight of the gas.

VSG is tile viscosity of tile gas,

ABS( ) is the symbol for absolute value.
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The values tUsed fol- tile constants a, b, e, and d have not becn consistent
duing the evolutioll of tile flight p)e'forivauice models (See Table 1). We use

Carlson's values in this proposed model, except that we hnclutde thle value of "a"
ill "GNI", a cog'l'tetion factor. We be•]ievo that oui' recommended ehn1muos, will
require that other ei cmal Collstalts be changed xISO, but Only fter there has

been an opportunity t( correlate the results with actual flight data.

Table 1, ?tusselt NumbcT Model Constants for Free Heat Transfer
IBetween the Gas and thl. B-lloon l.iltr, S&:ox Iag Similaritics and
Differences, and Arranged Chronologlically. Notes reflect valid
ranges for: (1) 10Ui.9 z_ (Pr ;. Gr) _< 10.i1, (2) (Pr " Gr) .(0, 101:9 !r (Pr N( Gr), (4) (Pr , Gr) -.7 l 1010P8, and (5) 1. 5 •
I01O _- (Pr* Gr)

-___ ___ a ~ cd Notes

Gerinces 1 3  
1 t. 0.13 0. 373 I

Fujii et all 1 0 0.65 0.25

Kreith and Kreider 3 0 0. 5P 0.25 2

3 0 0.13 0.33 3

Balls Crema et al t 1 0 0. 12 0.33
UaIrlson•... nn 5• ... V. • ,

0 .13 0. 3 3  5

2.2.2 DIRECT SOLAH ENEIRGY AI:'OI3P'ION BY

Tif.lT: hAIJLOON WAL.I.

Q2 - CQ2 * AV * IV '. Il(:

"where

CQQ2 is a correction coefficient to be established onl the basis of
•. C¢X|erhcllce (initially. CQ2 = 1).

AV is the effective UV nbsorptance of the film,

IV is tiw effective UV flux.

This model of absorption of UV flux is essentially equivalent to that devel-
oped by Gertelp_ .mid refined by Kreith and Kreider (see program comment cards

-VN for more detailed references). We believe that tile use of a uonmtant cruss set,-

tional shape is adequate for two reasons: (a) due to uncertainties in the actual
shape, and (b) due to availability of tie factor CQ2 for making, necessary, small

N-
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tidjistflnokits, hi all~y event, the s1litlI) of tile) cross 8ettion will be i aoliably coil-

Stakil. rot, ally givenl -1101" period of tuime.

2~ 9. i3 1,NJE1Ul\ A13SOITiI'icN L1Y TMEt LuALLOON WALL!.

Q3 : CQ3 *AB H *ti si ,n hk

MQ3 is a cor'rection coefficietit to be established oil the busis~ of

All is the effective Ill absorptance of the film,

R7. Is thle Stf-ltmn onstnnt,

SR te the effective IIR receptor surface area, namely
R C + (H-IC - SA) N, LOG (0. 000 2 6/ DE) /LC TV N,

T1 18 the equilibritum radiation temperature,

BE is thle specifir lift or thv inflatant (a function of altitude),
LOG ()is the nlatural logarithiii

LOTE N Is thle nlaturail logarithm of 10 (converted to real Wn pr'ogram),

Th'its model is that of Mirnt and Cnln, except for thP definition of the ef-
fective surfavet area S11. T'his aren vavies fronm the enitire surfaice arca sukrround-

ing the gas bubblie (at launich) to only the aren of the horizon~tal cross -section of

the gas bubble (at altitudes greater than 60, 000 ft. approximately); this Is con-
sistent with Kreith and Kr'eider, For altituldeý uip to 00. 000 ft. thle foregoing

2.2.4 CONVECTIVE I!FAT *1'IANSl'E11 F31 T*IWFIN THE, BALLOON
WALL.! AND) THlE AMi P .HEI* AN!) POBCE!)

(41 = '(Ž4 ý, CA "1 GN- ' (NTýCa - *If) I SA/ DlVI

where

(Q-1 is a eorrection coefficient to be established onl the basis; of
experience (initiailly, CQ4 a1),

CA is the atir thermail conductivity roeffivcint, computed by sub-
routine VI HON,

',Ni is thle Nosselt. number correction, it 2 (free), 0 e 3 (forced).

F... lrew Cmlvv( tive Ilecat Traiisfer Betweeni the
Balloon WVall and the Air

For a ballconn at rv-eit (if ,%w'hi a case ever truly exists) the Nu.ssiet ntimbc-r is,

as in Section 2. 2. 1, of dhu- gtne r~a! form"

Nu Va 'b + e " (Pr 'ý G0,11+0(dI

where flh, Prandtt number, for air is 0. 72 mid thle cGrashof number is expressed in

this vfsSo as:



Gr G* [(DM *SW/VS)**21 * ABS (Tf - Ta)/Ta

where

SW is the specific weight of air computed by subroutine VIRON.

VS is the viscosity of air computed by subroutine VIRON.

The values used for the constants a, b, c, and d, once again have not been

consistent during the evolution of the performance models (see Table 2). As be-

fore, we use Carlson's constants in the proposed model; except that the value of

"a" is included in the correction factor "GN2".

Table 2. Nusselt Number Model Constants for Free Heat Transfer
Between the Balloon Film and the Air, Showing Similarities and
Differences, and Arranged Chronologically

a b c d

Hall 9  1 0 0.50 0.25

Germeles1 3  1 0 0.13 0.33

Fujii et a115  1 C 0.65 0.25

Kreith and Kreider 1 6  1 2 0.60 0.25
Balis Crema et a11 8  1 0 0.56 0.25

- Carlson and Horn 1 9  1 2 0.60 0.25

2.2.4.2 Forced Convective Heat Transfer Between the Balloon

Wall and the Air

For balloons in motion the Nusselt number is usually expressed in the gen-

eral form:

Nu = b + c * (Re)**(d)

where b is an arbitrary consta.nt (as are c and d) and Re is the Reynolds number.

Here again, the valtues of the constants b, c, and d, have not been consistent dur-

ing the evolution of the performance models (see Table 3). In the proposed model,

we again use Carlson's constants, except that we make no exception for balloons

with maximum volumes greater than 19 million ft 3 . We believe that any such

correction should await evaluation of the effects on the model output of other r.on-

arbitrary changes,
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Table 3. Nusselt Number Model Constants for Forced Heat Transfer
Between the Balloon Film and the Air, Showing Similarities and Dif-
ferences, and Arranged Chronologically. Notes reflect valid ranges
for: (1) laminar flow, (2) turbulent flow, (3) 1.8 * 10E3 _5 (Re) :5
1. 4 * 101E5, (4) 0.4 1017.5 2- (Re) 5 1.4 10rE5, and (5) volumes
greater than 19 " 1OE6 ft3

b c d Notes

Germeles 13  0 0.37 0.60

Fj-eta15 0 0. 52 0.50 1

0 0.03 0.80 2

Kreith and Kreider 16  2 0.30 0.57 3

2 0.41 0.55 4

Carlson and Horn19  0 0.37 0.60

0 0.74 0.60 5

2.2.5 IR ENERGY EMISSION BY THE BALLOON WALL

Q5= CQ.ER* BZ* SA* Tf**4

where

CQ5 is a correction coefficient to be established on the basis of
experience (initially, CQ5 - 1),

ER is the effective IR emissivity of the balloon wall film.

4.1•, Except for the fact that SA has been redefined in accordance with our new

shape model, this is identical to the respective heat transfer model of Horn and

Carlson,

. 2. 2. 6i IR•:I;'LEC'rEI) SOLAR ENERGY ABSORPTION BY THE
SBALOON WALL

16"This equation is based on Eq. (47), Kreith and Kreider.

Qfi = QI; :AV 4 (2* 'C) ::-" GS F iL 4 QA 4 f (AL, RE)

where

(:Q(; is a correction coefficient to be established on the basis of ex-
perience (initially, CQ6 e 1),

AV is the effective UV absorptance of the film according to Carlson,

GS is the solar constant,

!rp FF is the directional reflectivity factor according to Figure 15 of
Kreith and Kreider, 16
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RL is the reflectance modeled after Figure 10, Kreith and
Kreider, 16

QA is the cosine of the solar zenith angle,

AL is the balloon altitude,

RE is the radius of the earth,

f( ) is the function: [1. -SQRT(AL./RE/2.)J,

SQRT ( ) is the FORTRAN notation for square root.

2.2.7 RADIATIVE EXCHANGE BETWEEN THE INFLATANT AND
THE BALLOON WALL

Q7 = CQ7 * El * BZ * SA * (Tg**4 - Tif*4)

where

CQ7 is a correction coefficient to be established on the basis of ex-
perience (initially, CQ7 = 1),

El is the coefficient of radiative exchange between the inflatant and
the balloon wall film.

The relationships expressed in the models of Q7 through Qil are based on

Carlson, 19 but in the default mode of our propesed model we reject Carlson's

hypothesis; thus, terms Q7 through Q 11 are set equal to 0.

2.2.8 DIRECT SOLAR ENERGY ABSORPTION BY THE INFLATANT

Q8 ( CQ8 * AG * FV -' HC

where

CQ8 is a correction coefficient to be established on the basis of ex-
perience (initially, CQ8 = 1),

AG is the effective coefficient of absorptivity of the inflatant in the UV.

2.2.9 REFLECTED SOLAR ENERGY ABSORPTION BY THE INFLATANT

Q9 = CQ9 '; AG *z (2 : HC) : (iS * FF * R L* QA * f(AL, RE)

where

CQ9 is a correction coefficient to be established on the basis of ex-
perience (initially, CQ9 - 1).

2.2.10 IR ENERGY EMISSION BY THE INFLATANT

"QIO = CQIO*EG* BZ* SA* Tg**4

where

CQlO is a correction coefficient to be established on the basis of ex-
perience (initially, CQ10 - 1),

EG is the effective IR emissivity of the inflatant.
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S2.2.11 IR ENERGY ABSORPTION BY THE INFLATANT

Qii = CQ1 * EG* BZ* SR * TI**4

where

CQ1I is a correction coefficient to be established on the basis of ex-
perience (initially, CQll 1).

This relationship is taken directly from Carlson, 19 but it is necessary that we

change his effective surface area term to be consistent with the assunmption that

the IR energy absorbed is dependent upon altitude (see Section 2.2. 3).

3. MODELING THE AERODYNAMIC DRAG COEFFICIENT

3.1 General Considerations

It is improbable that one can develop an adequate model of balloon aerody-

namic drag coefficients by statistical means alone, Any reasonably approximate,

mathematical model must account for a number of hard-to-quantify phenomena

and, therefore, miglht become quite complex. For example, the degree to which

balloon envelopes are deformed by dynamic pressure due to vertical motion cer-
tainly depends on shell stresses relative to film yield stresses (which, in turn,

depend on balloon film temperature). However, one might develop adequate ap-
proximations by analyzing separately the flight data for heavily loaded, moderately

loaded, and lightly loaded balloon shells. On the other hand, one also might gain

some important theoretical insights by studying relevant works on raindrops and

parachutes (for example see Figure 14). In any case, one must always temper

judgement with experience - consider the influence of gore pattern on balloon

ascent configuration. *

We concluded earlier that the drag coefficient must depend on Reynolds num-

ber, Froude number, and, moSt probably, fractional volume - three dimension-

less parameters. Civen an unambiguous definition of the characteristic length,

and accurate flight data (elapsed time, altitude, atmospheric temperature, and all

initial flight conditions), we can compute the average value of each of these pa-

raineters for each increment of altitude; leaving only the corresponding drag co-

efficient to be determined.

""Considcrations such as thee might have made the statistical analyses of rise
rates by Nolan. and Keeney 0 more valuable to balloon users. Further, if they
had used dimensionless terms, they could have reduced to a minimum the num-
ber of multiple regression analysis (MBA) terms - this would have improved
the quality of tWeir predictors.

45. Nolan, G. F., and Keeney, P. l,. (1973) Analysis of Factors Influencing Rate
of Rise of Large Scientific Balloons, AF - -0753, AD 779070.
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Figure 14. A Comparison of Reynolds Number vs Drag
Coefficient for a Water Drop and a Sphere, According to
Gillaspy. 37 By analogy the depicted relationship sug-
gests that, for a given range of relative envelope stresses
and for a given Froude number, the drag coefficient for
an ascending balloon might be expected to increase with
increasing Reynolds number - in some unspecified range.
As in all of Section 3, we assume that the balloons are
constructed from fully tailored gores (at least from gores
that are fully tailored in the apex region)

Given the proposed comprehensive flight performance model (including the

required sub-models, such as the atmosphere model, balloon shape model, and

others), the problem of determining a drag coefficient is straightforward. We

need only to establish an acceptable closure accuracy for the altitude computation,

assume a drag coefficient, and then iteratively solve the model over each corre-

sponding time interval until we find a drag coefficient value for which the altitude

closure accuracy is satisfied. Other things being equal, we will then have a

reasonably equally weighted set of four dimensionless variables for each altitude

increment: a drag coefficient, Reynolds number, Froude number, and fractional

volume. Usually, however, this will not be the case; unless, of course, we are
unusually fortunate, or we have carefully selected flight data to account for qual-

itatively or imprecisely defined phenomena that significantly affect free balloon

ascent rates.
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8.2 Segregation of Data for Analysis

We have already presented in sufficient detail the effects of gore patterns on
balloon ascent configurations. We are forced to conclude therefrom that fully
tailored balloons and cylinder type balloons will have vastly different drag coef-
ficient models. Thus, because cylinder balloon types (full cylinder and semi-
cylinder) are infrequently used and even more infrequently manufactured for new

programs, only fully tailored balloons should be considered in our present effort

to model .ree-balloon drag coefficients.
Thermodynamic phenomena are covered by sub-models included in the Oro-

posed flight performance model. However, there is some concern about the accu-
racies of the assumptions on which present (and prior) heat transfer processes

are based. Because of this, we seek to make our drag coefficient solutions as
independent as is possible of thermodynamic considerations. The first and obvi-

ous choice is to use only data from flights launched at night. In this way, thermo-
dynamic inaccuracies arise only from assumptions about the infrared, and con-
ductive heat transfer models. Errors in the models dealing with direct and re-

flepted solar radiation are eliminated.

A natural transition point both in the vertical motion of the balloon and in the
dynamic, mechanical responses of the balloon envelope material, occurs near the

tropopause. Both of these results are due to the reversal of the ambient temper-
ature gradient. The former phenomenon, the slowing of the ascent rate, is well
understood, and quite thoroughly documented, The latter phenomenon has gener-
ally been associated with balloon bursts due to cold brittleness of the polyethylene
film; its implications with respect to both subsequent balloon failures, and altered

resistance to ascent shape deformation are not well understood. With respect to
shape deformability, we believe that the noted relaxation of the strain in the en-

46velope material in the crown of the balloon supports the contention that, for a
balloon ascending above the tropopause, relative stress (actual stress divided by

yield stress) changes. Thus, the shape can deform more easily. Therefore, we
suggest that flight data above and below the tropopause be segregated for the pur-

pose of drag coefficient modeling. The least advantage of this approach will be
the existence of a logically distinct set of data by which a developed model may be
tested. (When the tropopause temperature is different than the minimum temper-

ature, prudent judgement is required.)

Finally, we recommend that flights be separated into two other classes- heav-

ily loaded and light or moderately loaded balloons. To accomplish this, stress
, indices such as those used by the NSBF or AFGL (see Dwyer 42) should be adequate.

46. Rand, J. L. (1982) Balloon Filmn Strain Measurements, Workshop on Instru-
inentation and Technology for Scientific Ballooning, X2XIV COSPAR Plenry
Meeting, Ottawa, Canada, 16 May - 2 June 1982.
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3.3 Modeling Using Multiple Reges.ion Analysis

Those familiar with modeling with MRA concede that it is more an art than a

science, but, having decided to use dimensionless variables, we have taken the

first and biggest step in our analysis in a sound scientific manner. If we then
segr':gate the input flight data as suggested, we will be taking the second step in

a sound scientific manner; this will help to minimize variations due to other

factors, as previously noted. Beyond this point (if one is to develop a practical

model using MRA) it appears that one must rely on both mathematical art and sci-

entific insight and, what is equally as important, care in the specification and
collection of the input data.

4. REFINING THE THERMODYNAMIC COEFFICIENTS

It does not appear that one can easily, if at all, find conditions wherein the
aerodynamic drag may be ignored. Consequently, the aerodynamic drag coeffi-

cient model must be developed before it is possible to introduce refinements of
the models for direct aind reflected solar radiation. As with development of the

model for the aerodynamic drag coefficient, segregation of the input data is de-

sirable if not imperative. However, the solution process does not appear to be
so complicated; the general format of the models of the heat transfer processes

are fairly well established and all that remains is (hopefully) to correct the coef-

ficients.

5. CONCLUSIONS

We have laid a foundation for the development of a comprehensive flight per-

formance model based on practical and theoretical considerations.

We have proposed that the aerodynamic drag coefficient model be based on

th. ee dimensionless variables: Reynolds number, Froude number, and fractional

volume.

We have shown that:
(a) there has been a longstanding and widespread error in the definition of

the instantaneous mass of the balloon film involved in the heat transfer processes,

"(b) the gas bujbble cannot be modeled realistically as a sphere,

A2 (c) the gas bubble is asymmetrical except when it is at or very near its
natural ceiling altitude,

9
(d) the actual gas bubble shape, and, most probably the added mass, is

. directly related to the type of gore pattern,
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(eW theory does not support models of drag coefficient based on Reynolds

number only,

(f) theory does support the use of the Froude number as one of the variables
that Wffects the drag coefficient of a free balloon, and

(g) that fractional volume is a reasonable way to accommodate variations in
overall balloon shape, consistent with the need to specify a characteristic length
for use in establishing a reference drag area.

Finally, we-have proposed a procedure for the-analysis of actual flight data
to enable the development of a practical, but also theoretically sound, model of
the aerodynamic drag coefficient of a zero-pressure, free balloon, and subse-
quent refinement of the heat transfer models for direct and reflected solar energy.
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Appendix A

$oftwaro for Developing, Verifying, and Using
Aerodynamico and Thehaodynamit Constants and Mtodels

Program FINDCD is a FORlTRAN coded set of routines and models discussed'
inl thle main text; it is %% lPf'i to run oil an) 1 13 P(- and has a compiled executable
version, QcuD 1,;,%;J~::. This prograim. Workinig oll the assumptionls Otht all of tile
thermodynamic models are sufficienltly accktrate, collects foi- each point in) anly
Olosenl flight profile the values of drog coefficient CD), IHcytolds Number RIN,

Firoudv Number 111IN. and fractiontal v'olumv V11.

ALIl Programni Logiv

The lolvic by whieh tile values of tile termis CD, tIN, FflN. anld V 13 are detcr -
minmed is shown inl Figures Al and A\2. Fundamentally, it is an iterative method of
adjusting the value of CD) between eachl qsuccessive set of points; until thle acetual 11nd(
computed altitudes are satisfactorily close fur thle related elapsed timle.

AI.2 Strateg)

It aippears that thle accuracy of related aerodynamic terms can be enhancerd by
initially restricting analyties to flights lakinchied anid ascending inl darknless - this

eliinaes otetiM errors due to solar energy finput models. Evett aly on10 will

have to alter this programl to accommodate deballttsting sequencees .. not at all a
difficult task. rhis will be required because onl most high-altitude night flights
deballasting is required to tuaintain ascent rates compatible with mission profiles,
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Figure Al. Representative Segment of Vertical Flight Profile

AI. An Aerodynamic Drag Coefficient Model

The definition of an adequate drag coefficient model is still to be found. If

physical modeling is an art then mathematical modeling, being one step beyond,

might be considered a black art. There is some discussion - both in the main

text and in the notes imbedded in the program comments - regarding the use of

MRA as a method; doubtlessly the data developed by this program will suggest

more explicit approaches.

A2. PROGRAM FROUDE

Program FROUDE is also a set of FORTRAN coded routines and models dis-

cussed in the main text; it too is written to run on an IBM PC and has a compiled

executable version, FLIrE. EXE. It assumes the existence of a drag coefficient

model in the following format:

i=20

CI) = SUM [Ai " (FR*:.-Cli) * (RNX"C2iý * (VB**C3iL)
i~l

This model format was selected by the author as one easily adapted to MRA mod-

eling, one suitable for expressing simple series mrodels, and one with the inherent

capacity to express quite complex relationships. Like FINDCD, this program per-

mits interactive alteration of most of the various model coeffi'ients. Consequently,
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it can be used for either flight performance prediction or for analysis of perform -

ance sensittvity to changes in particular coefficients.

A3. INPUT FORMATTING

There are two additional FORTRAN programs, CD. EXE and QCDDATA. EXE,

-written to format and store the required input files-for FI. TE.-EXE and QCDEXE.

A3.1 CD.XEF

This program supports only FLITE. EXE. it stores the CD model coefficients

and exponents in the required format.

A3.2 QCI)DATA.EXE

This input file formatting program supports both FLITE. EXE and QCD. EXE.

It has one particularly interesting feature; it distinguishes between radar flight

data and altitude translated from a staadard altitude table. In the latter case it

provides the altitude corrected for the local atmospheric temperature profile and

launch site pressure.
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PROGRAM FINDCD

* PROGRAM: FINDCD 20 FEB 1985 *

* THE EXECUTABLE VERSION OF THIS PROGRAM IS DESIGNATED AS 'QCD' *
* WHICH HAS BEEN• COMPILED UNDER MICROSOFT FORTRAN77 TO DE RUN ON *
* AN I L•11 PC. *

. THIS PROGRAM IS- USEDI TO DETERMINE THE- REYNOLDS-NO., FROUDE -NO..
* FRACTIONAL VOLUME AND RELATED AERODYNAMIC DRAG COEFFXCIENT FOR *
* WIIICH THE MODEL-PREDICTED ASCENT RATE AND ACTUAL FLIGHT ASCENT *
* RATE AGREE WITHIN A GIVEN TOLERANCE, OVER A REASONABLY LARGE *

* ALTITUDE SPAN, THE RESULTS ARE INTENDED TO BE USED AS INPUT IN *
* A MIJLTIPLE REGRESSION ANALYSIS TO PROVIDE A MODEL OF THE DRAG *
* COEFFICIENT AS A FUNCTION OF REYNOLDS NO., FROUDE NO., AND THE *
* FRACTIONAL_ VOLUME. THE DESIRED OUTPUT VARIABLE VALUES ARE FOUND *

"* BY ITERATIVELY ADJUSTING THE ASSUMED DRAG COEFFICIENT UNTIL 4

- THE GIVEN TOLERANCE IS ACHIEVED. ENHANCED ACCURACY IS ACHIEVED *
* B•Y REDUCING THE VARIABILITY OF FACTORS INFLUENCING THE ASCENT *
* RATE; PRIMARILY, THIS IS EFFECTED BY USING NIGHTTIME ASCENT DATA *
* UNAFFECTED BY SOLAR INPUT. *

* THE. USE OF MRA TO ACHIEVE THE MODEL IS ONLY ONE APPROACH, AND *
* ONE SHOUL!D NOTE: 1) THAT THE USE OF MRA IS VERY MUCH AN ART, AND *
* 2) THAT THE RESULTING MATHEMATICAL MODEL MAY BE SIGNIFICANTLY *

VDIFFERENT THAN THE TRUE PHYSICAL MODEL. CAUTION IS URGED IF THE *
* RESULTING FORM OF THE MRA MODEL IS TO BE USED TO PREDICT OTHER *

P PHYSICAL RELATIONSHIPS. *

* FuR CMMENTS ON SPECIFIC LINES OF CODE, SEE PROGRAM FROUDE. *

* THIS PROGRAM WAS DEVEL.OPED AT THE AIR FORCE GEOPHYSICS LABORATORY *
* AS PART OF IN-HOUSE WORF UNIT NO. 76591114 *

COMMI:iN CADTI.(:0,,2).,PEI:.RO,SW,TI,TIRITIRO,TRTROPVS

DIMENSION A(5).,B(5), C(5), D (8,5) ,Y(8,6),0(8.6). FLY (1cO(,2), FR(IO00,)

CHARACTER*82 FINN, FOUT,FNAME, HEADI.HEAD2

DATA A/3.1415926544 .5,.29289t32,1.7071068,.1666666666/,GS/96./
DATA B/O..2.I.,•.,2./,C/.01745329252,• 5.9.2928932, 1.7071068,.5/
DA'T A BZ/:3. 6995E-10 /. G/Z2. 1741 /,•RE/20855278./., RA/53.35/, RG/386.076/
DATA DTM/20'./,•DTV/O.5/,DT/8./,JF,LL2,LL3/Z*1/,LAUNCH,LEAP/2*0/
DATA AC3, AC4,DBDDO.DDI ,TTT.TTT.,VD, VT.VV,07.08D•9,Q10.,Q11/16*0./
DATA ALF/1.83E-07/,BET/.b82/,SAM/1443.//,CV/586.73/,CF/428./
DATA AYV/.OCi/tRYVV/. 114/.TYV/.8G 85AYR/.031/,EYR/.031/,RYR/,127/
DATA TYR/ 842/, AYRG/, 002/, WOW/. 0048/, CH . 5/ VL/. 01/
DATA CQ 1•CQ2, C03., C-04, C(15, CQ6,CQ7,CQS,C09,CQ10,CQ11/I11*./
DATA GN1.GN2,GN3/3*1. /
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HEAD1=' RN FRD VB CD,
HEAD2-1 TIME ALT SPEED ERROR'

4 1 FORMAT (A)
2 FORMATC1X,'ENTER NAME OF INPUT FILE; B:filespec.FLV 0,\)

Y 3 FORMAT(IX,'AND NAME OF OUTPUT FILE; B:filospec.JFD p,\)
4 FOMT1(I5SE58

*5 FORMAT QF9. 3)
6 FORMAT(2F9.O)
7 FORMAT(IX,4EI3.7)

8 FORMAT(4(El5S./),EI5.8)

to FORMAT(10(El5.S/),E15.S)
11 FORMAT (A,13, A)
12 FORMAT(6E15.8)
13 FORMAT(1X,2E13.7)
14 FORMAT (2EI3.7)
is FORMAT (3E 13. 7)
17 FO3RMAT(IX,3E13.7)
18 FORMAT(2X,A)

CALL INFORM

OPEN (5,FILE=' LPTI' .FORMm'FORI1ATTED')

50 WRITE(*,!1)' DEFAULT GAS & FILM VALUES ? E 0/1 =N/Y 3'
REAO(*.Y) I
IF (..?THEN

WRITE(*,1)' INSERT APPROPRIATE DATA DISK IN B-DRIVE AND'
41 .WRITE(*,1)' ENTER GAS & FILM FILE NAME. B8ilespec.GAFl

READ(*.1)FNAME
OPEN'.:.,FILEýFNAME. FORM= FORMATTED')
;AD CS, 4)ALF, PET, GAM, CV, CF, WOW, AYV, RYU, TYV, AYR, EYR, RYR, TYR, AYRS

CL.OSE(3
WRITE(5, 1)FNAME
WRITE(*.1)-'

END1I7
IF (I.Nt.1) GOTO 50

60 WRITE(*.1)' DEFAULT HEAT XFER C-OEFs., VIRTUAL MASS COý:F. AND'
WRlTE'*.I)' EFFECTIVE ZERO ASCENT RATE ? C 0/1 =N/V I'

A ~READ(*.9) I
IF (I.EE'.0) THEN

1=1
WRITE(*, 1) ' INSERT APP:ROPRIATE DATA DISV- IN 13-DRIVE AND'
W.RITEA*,l)' E:NTER COEFFICIENT FILE NAME, P3:fi~espec.CMV'
READ (A.* 1) F141ME
OPE N (.F1 LE=FN-AME * FORM= ' FORMATTED)
R..EAD(Z. )C1C2(.C4C 5..OCt6C9C10O1
READ (-l':8)GNl.G N2, GN3 CM. VL

II' CLOSE (7.)
WR ITE C 5.1) FNAME

END! F
IF (I.NE..1) GOTO 6C'
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WRITE(*,1)' INSERT THE FLIGHT DATA DISK IN B-DRIVE AND'
WRITE (*, 2)
READ C*, 1) F IrN
WRITE4*,I)'
WRITE (*,3)
READ(*,. )FOUT
WRITE (*, )'
OPEN (3,FILE-FINNFORM= FORMATTED')
READ(3,.1)FNAME
READ(3,4)SIGGLCLEN,AD,VTM,THK,TCP,WBWP,WTFL,DBB,SPD.PO
READ(3,4)CD.ERRDU3,DCD,.DIJS,AGA%,ELL,GH.XD,XG,XL,TSXIN,X!NN
DO 100 1-1,30

100 READ(3,5)E(I~1),E(I,2)

C OPTION: SELECTION OF ANALYSIS CUT-OFF POINT
110 INN=INT(XINN)

WRITE(*,11)' THERE ARE'.INN4' FLIGHT DATA POINTS.'
WRITE(*,1)l ENTER NUMBER *ra BE ANALYZED.'
READ(*,9) INN
IF (INN.GT.INT(XINN)) SOTO 110
DO 120 I=1.INN

120 READ(3,6) FLY(I,I),FLY(1,2)
CLOSE (5)

wnrTE4*,1)ý ENTER DIFFERENTIAL GROWTH LIMITS: ALT. C ft 3.`
WRITE(*..1)' ASCENT RATE E ft/sec I AND TEMP. I deg R I'
READ(*.15)ALIM,VLIMTLIM
WRITE(*,1)l

WRITE(*, 1)' TO CHANGE DT Ima>mJ OR DI Event] ENTER NEW NON-ZERO'
WRITE(*,I)' VALUE, OTHERWISE ZERO. ENTER ZERO OR ONE FOR AGAS.'
WRITE(*, I)' D~rm, DTV, AGAS C gas absorbs in IR. 0/1 N/Y 3'
WRITE(*. 14)DTM.DTV.AGAS
READ (*, 15) S I, 662, AGAS
IF (GG1.61.0.) DTM=GG1
IF (662.ST.':0. ) DTV=C362

AC OPTION: ORIGINAL OR REVISED DRAG COEFFICIENT ESTIMATE AND DRAB
C CnEFFICIENT INCREMENT FOR ITERATIVE ADJUSTMENT

WRITE(*,I)' TO CHANGE CD OR DCD ENTER NEW VALUE. OTHERWISE ZERO.'
WR ITE (*. Z3) CD, DCD
READ(*. 14)661.862
IF (Gil.GT.0.) CD=Gryl
IF (GG2.GT.(0'.) DCD=GG12
WRII'E(*.1)'

WR ITF (5, 18)FOUtT
WRITE (5, 1)'
WRITE(5..1)ý DTM DTV AGAS ALAM VLIM TLIM`
WRITE(9. ,7)DTM.DTV.AGAS.AL:'1.VLIM,1'LIM

'V WRI TE (15. 1)
WRITEC(5,1)' CP b~rt

WR ITE (5, 17?tiZ. DCD
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'.STEN=LOS (10.)
IN=INT(XIN)

4 LLI=IN
LLO I N

EGA5=AGAS
AYRS=AGAS*AYRG
AVRGSeI=. -AVRS
-AV=AYV* (-1 .+TYV*AYRG / (1-. ;-RYV*AYRSI)))
AS=AYRS*TYV/ (1.-RYV*AYRSI)
D13B=DDB/bLO.
WTX=0.
SPD=1. 69*SPD
DD4=Pn
IDD5=P0

DO 190 1=2,30
* TROP =E(I-1,l)

IF (E(I,2).BE.EUI--t,2)) SOTO 200
190 CONTINUE
200 TIRQ=1.8*E(1,2)-5.55

* TIRI=. 74*TIRO.
* DTI=-.26*TIRO/(TRU]P-E(l~t))

IF 'XL.SE.20.) GOTO 300
RL=-.(1025*XiL+. 15,
GOTO 600

* 30A IF (XL. GE. 30.) SOTO 400
RL=.. I
SOTO 61:10

400 IF (XL.. GE. 40. ) GOTO 5300
RLý. 005* XL-. 015
SOTO 600

50c) RL=. 0075*XL-,,15

600 XD~c(I *XD

CX=t00S CXL) *COS(XD))

* .~ CALL IJPSON(2.SIG.IOBL)
GBE=IlaEN /GLý
CAL.L NP-i-snN(lJ(oG.G4.EIG))

DO 700 J=,
DO) 74~.10 -=1 8
y (I J) =q).
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y (1, 1) =0.
Y(2 .I1)=WP+WT

C-1 1~ ) )ELL
CALL VI RON (ELL, 8,DD1I..DDZ,, D5, LLI, LL73,DD7, DD9, TK,1)

V0= (1. +FL) *(Wb+ WP+ NT) /BE
Y(4, 1 )TR
Y (5, 1) =V0*PE/TR/RG
Y (6, 1 ) =TR
Y(7/,1)=VO

+-I+-++4+44-++--i-++4-+ BEG IN RUNGE-1KUTTA I TERAT ION ....................

83o'.0 DO 1600 i(J=-2,5
* I~KK~llJ- I
*CALL VIRON(Y(3,qKIj,,)BPqDDIDDý,DD5LL1.LL3,DD7,DD9,Tkit)

UE=-(l.-. i38l85*TR/Y(6,KK) )*SW

* IF (WT.NE.WTX) THEN
X=LOG(1.+WB/(WT+WP))
CALL UPSON(2,X.SIGX)
CALL UPSON(3,SIGX,VU)
VTmVU*61L**3
WTX=WT
IF (vT,.GT.VTM) VT=VTM

ENI~F

IF (kK.E9.1) THEN
VB=Y (7. KK/VT
CALL rMYBLN(VL4.-GLBGN..DH,S*.DMRMHC)
U-1.10
IF (SN.LT. CLEN) CALL NELSON (UGB, SIG)
WE-SS* (WB-WC) +WrOW*U*ABL*TCP*CyI. *SL
SA=SJ3'ABL*GL*GL

IF (E2E. EiE.0.00626) BR=HC+ (HC-SA) *1.06 (.00626/BE) /LGTEN
ENDIF

S3WG=Y (55, K10~ / Y (7. Kf
VI-36ALF*V (60:3 *~( *BET
CG=43AM*YSG
SPFEED=Y (1, 1.-')

IF (LAUNCH.EQ.O) SPEED=SPD

SPDSV=SPEED*SPEED
RN=DVI*SW*ABS (SPEED) /YS
L;UOYSW*Y (7, KK)
WSVY(2,KK +Y (5,K(K) +WB
F9)RCF=BUOV-WS
DRAG-. 5*rOD*CD*HC*SPEED*ADS (SPEED)
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Do, 1 * I)=(B* (FaRtE-DRAG) / (WS-ttM*E&JC)Y)
It' (LAUNCH.E(0.O) D(1.KJ)=O.
D (2, KJ) -DI

+44++ ++H4*+++++ f+ IEGI N HEAT TRANSFEF, RATES .....................

EYRG=EGAS* 3. 42E-O.0* (Y (6, K4() / 1. (31 **. 8151:'

EYRGS1"!.z -EYRG
ER=EYR* (1I. +7YR*EVRG%(1 / (1 * -RYR*EYRO 1))
AR--ER... ...
EI=EVIRG*EYR/ (1 *-RYR*EYR6I)
EG=EYRG*TYR/ (U. +RYR*EYRGI)

CALL. PRR(P 6,DSG 4 K 6 'l)VG
IF (UP.1LT.*15E+07) GNU=2. 4.6d*t3P**Q-.. 2t
IF (GP.G'. 15E+07) GNUt:.13*GP**(I./3.)

*A=SX+C)(*COS(C (1)*(GH-XG+T/240.))

ARMS= (IPF/PO) *(SUCRT U220. 6+37675b. 44*DA*PA) -613.8l*ABS (O~A))

I'M=5(X(.5AM)oEP-65AM)

FVYG*CG* TRM j
IF (OA.LT..O.) THEN
FV=O.
QP=-SVRT (I.-- (RE/ (RE+Y (3,KK) * *'I)
IF (UP.1-7.0A) THEN

CALL. VIRDN(ZZPAMDD;.1,DD2,DD4.,LLOLL2,Dfl6,DDBTX,2)
AM=35. t*FAM/PO
TRM2=.5*(EXP(-.65*AM)+-EXP(-.095*AM))
FV=CiS*L'S*TRM2*TRM2/1iRM 1

END! F
ENDIF

02=CG12*AV*FV*HC
Q7.CD3N*AR*D8.*SR*T I*

IF (APc)(SPEEtD)-LT.VL) THEN
CALL F'RGR (G3P,.S67, DM, SW, Y(4,100 TR,VS)
GN.J=iN2* (2. +. 6*GF**b. 25)

ELSE
GNU=~. *.7*GN3*RN**O. 6

END IF

O*WtCO4*SA*(Trý-Y(4,KK )*CA*GNU/DM
C.5='CQ5IER*LZ*SA*Y (d4, J"**4
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ZS=57.2957e*ATAN(SORr ut.-QA*QA) / QA*DA))I

IF 4ZS.6T. 77.2) FF=.095175*Z-5.4375
IF i(FF.EQ. 1.) AND. (ZS.GT.25.)) FP=.C1M5-,*ZS+.6169

O6=CLI6*AV* (2. *1C) *SS*FF*RL-* (1 -SQRT (Y(3,Kk) /RE/2.. ))*QA

IF (EI.NE.O.) THEN
07=Ccg7*EI*B2* (V(6. KKý) **4-Y (4,KK) **4ý*SA
09=CQIB*AG*FV*HC
Q9nCg~9*AG*(2.*HC,)*GS*FF*RL*(1.-SGrT(Y(3IKK) /RE/2. ))*aA

-. Dio=cQIQ*EG*BZ*SA*Y (6,KK)**4
Dl i=CQl *EG*!4Z*SR*T1**4

ENDIF

.................. +I+~+1 END HEAT TRANSFER RATES .............. ........

D (4,KJ)=(O1+D2+03+04-C'$+Q6+07) /CF/WE

IF ((VV.d3T.0.).AND.(KK.EQ.1)) THEN
IF W&GGE.0.936) VV=.S5!9-PB/83
IF (P~v.LT.0.Y3,-%) VV=.72222*S@RT((1.872-FG)*PG)
VV=6. 127*VV*SDRT(SW/SWG-I.)

ENDIF

IF(VD.LE.O.) IVENT=O

IF (IVENT.EQO) THEN
D (5, KJ) =-VV*5W5

D (0, W) =-SW.*D (3,KJ)
ELSE

IF (LEAF.ECQ.0) DT=DTV
VD=AD*rVRT (2. *G*APS (Y (G. KI) -PE) / SWG)
D Cs, 1J)=- (VV+VV) *SWG

ENOIF

DO 1500 1<1=1,0

Y (K1I, Q)=Y W( ,KI,1,0 +DT*GQQ
1500 0.(K i. 0=Q.(KF.1,13047. *DQ-C (KJ) *I)(K1.KJ)
1600) CONTINUE

+++++4 ............END PtJN6E-1LUTTA ITERATION ...........

IF (Y(7,5).Gi.VT) THEN
VT=Y (7. 1)
1VENT=I

END IF
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IF (IVENT.ECQ.0) THEN
IF (ABS(Y(I.5)-Y(i~l)).E3T.VLIM) S3OTO 1700
IF (ASSV(Y(5)-Y(3,1)).GT.ALIM) SOTO 1700
IF (ABlS(Y(4,5)-V(0.,1)).GT.TLIM) SOTO 1700
IF (ABS(Y(6,5)-Y(60I)).LE.TLIM) SOTO 175')

1700 DT-DT/2.
IF (DT.LT.0.5) THEN
WRITE(*,1)' BAD EXIT t DT < 0.5 3'
STOP

ENDIF
- OTO SOD).

1750 DTX=DTM
DO 1900 1=1,7
IF (Y(1,5)*DTX.LT.ALIM) SOTO 1900

1200 DTX=DTX-2.
1900 CONTINUE

ENDIF

C PRE-LAUNCH STABILIZATION CLOCK TIMER
IF (LAUNCH.EV.O) THEN

TT=TT-+DT
DT=DTX
IF (TT.GE.TS) THEN
LAUNCHm I

DAL=ERR*(FLYC2,2)-FLY(1,2))
IF (DAL.GT.100.) DAL=100.
CALL VIRON(Y 3,-),EBF.DDIDD3,DD5,LLI,LL3,,DD7,DD9.,TK. 1)
VB=Y (7, KK) /VT
CALL MYDLN(VS.GL.GBBN.DHSBDI1.RM.HC)

SOTO 2100
ENDIF
SOTO 2300

ENDIF

C ELAPSED FLIGHT TIMER
T=T+DT

C INTEGRATION INCREMENT CONTROL TO ENSURE THAT DT IS LESS THAN OR
c EDUAL TO THE ACTUAL TIME IN CORRESPONDING FLIGHT INCREMENT

IF (LEAP.EQO.) THEN
TT=ANINT (TT-DT)
IF (TT.LE.DT) THEN
DT=TT
LEAP~ I
6010 2301)

ENDIF
SOTO 2300

END IF
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cc BNAR CH3P OUT~INENTO CHECK ALTITUDE CONVERGENCE AND TO CONTROL

X=Y(S,5)-FLY(JF+1,2)

C ALTITUDE NOT WITHIN LIMITS
IF (A9S(X).GT.DAL) TH4EN

I F (X.13O?.0. ) THEN
t AC3=1.

SSGNI.
SOTO lf9i0

END IF
AC4=1.
SON=-1.

1950 DCD=DCn.'!(AC3+AC4)
CD-CD+SGN*DCD

* RESETS T, TT, DT, LEAP AND RUNGE-KUTTA VARIABLES FOR INTERVAL
* RECOiMPUTAT ION

TT=ANINT(FLY(JF+1, 1)-FLY(J'F,lfl
DT=DTM
LEAP=O
T=TTT
00 2000 1=1,8

200 Q (: I 1)= (0 1, 6)
SOTO 80f)

END I F

C ALTITUDE WITHIN LIMITS

DCD=.096*CD

cc END OF R:OUT INE

cc ROUTI[NE TO COMPUTE AND STORE OUTPUT

SPEED#ABSC (YC3,5)-XXAL)/(T-TTT))
VB=Y (7..KK) /VT
CALL MYDLN(VSL,GBCN,DH,SBDM.RM,HC)
CALL VIRON(Y(3.,) ,BPDDI,DD .,SDD5,LLI,LL3,DD7,SDD9,TK, 1)

C DETERMINES AVERAGE VALUES IN INTERVAL
XXV9= (XXV9+VB) /2.
XXHC (XXHC+HC) /2.
XXRM=(XXRM+RM)/2.
XXWV= (XXWV+WV) /2.

r .NORN=2. *XXRtI*XXWV*SPEED
FRD= (SPEED**2)1/(2. *XXRM*B)

;w. 59



M SORE$, AVERAI3E VALUES IN INTERlVAL

FR(JF~4)=RN

c WRNITESg OUTPUT
WR ITE 05, 1 ) HEAD I
WRI~tE (5 J7) RN~lFRD, XXVB~CD
WR ITE (, 1) HEAD2
WR ITE (5,7) T, Y(Q-.5) ,SPEED, ZF IT
WRI TC'(s, I

"4cc ENO OF ROUT INE

Pc TERMINATION CI4ECK.
JF-JF+ 1
IF (JF.EIQ.INN) GOTI) 2500

C ROUTINE TO SET INITIAL VALUES FOR NEXT ITERATION INTERVAL
TT=ANINT(FLY(JF4l1 l)-FLY(JF, 1))
DAL--E'RF* (FLY (JF+ 1, 2) -FLY (JF, 2))
IF (DAL..BT, 100.) DAL=100.
DT=DTM
LEAP=0o

2 100 X X At.= Y(35)
XXHr=4C'
XXRM'-RM
XXvs-Vs
XXWV=WV
DO 2200 !10'

^120 U (1, 6) (1.5
3.'.' 1.. 400) 1=j

V (I, 1I) -y (1 "9)

SOTO 800

CTERMINATION BEOUENCE. wRITEs OUPkur F:ILES AND CLOSER FILES
V500o CLOSE (5)

OPEN (4 FRLE=FOUT, sTATUS--NEW' FURM= FQRMATTEDI)
WRITE(4. 1)FNAME
INNzINN-1
WRITFJ4,9)INN

N ~DO 2550 1=1 .. INN

CLOSE (4)
5TOP
END

A PROGRAM ~~~~END -- ~----"--

FOR INFORMATION ON SUB4ROUTINES. SEE PROGRAM FROUDE.
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4 ~ ~~~~~SUBROUTINE tIDN(B L Si N H lD, MtC
CALL 0fALJN(5,V11.2D)
-CALL DRAUN( t ZFB T)
CALL -SR.A1JrM (2, ZVRD)
CALL B3RAUN(:,: 20,0MO
III 0. 17453292~52*TH

VON-Cl. *GVj
DM !8312*81N

VCý1.415927* (N*rtb)*I /'.,/TAN (THl)

CALL EiRAUN(q,0,00)

HC=3. 141!5727*RM**2

SUBRO)UTINE UPSON(3J XV)

DAIA PI2 34.
'~1451693Z$Si.. 19061131302,-. 1170171769,6. 0...375469014941~

06.1413447Z9632, -0179374~5409-2, --1 .6S97Z29ZSO641-Q-3,

06 013N741 O9P51. -9.674.9O73974554E-01,. -. 0(90746n~,Z,
* 000fO~7B07W 2 6.0.600228217E-03, -0101 107457 96 ., 6.

Y=-tW (I J)

DO 100 xý-avrrj
11.,m) 'v"Y+uP( *1 *1I)*X**I

END

b1%
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SUB4ROUTINE NELSON(Y.R. X)
DIMENSION W(7,4)
DAlA W/-. 1953908PE93,-. 9529895,.. 190)23ý889,..581211694,

*-2 .633868387.1. 118915175-.24B8420)45,. 19664587,4.64442895.
*-3.2484 1125*-3. 472893,627,*7. 23-2507341,-4. 25933462'..7859002,
*3. 3,83282482, -6. 6302O40)25,4.076(038'773,93.5643l556.-14:.05s917.

*-7. 7063-1656.,4. 49900)C60:36,-2.28485646, .325235255/

XX=1t.-R
DO 200 J3=1,4

DO JOO 1:2,7

00 Y='Y+ZX*XX**(J-I)
'v'=I.*-Y
END

cSUBROUTINr: BRALJN(3. 'X,V)
DIMENSION PR(10.15)
DATA DR/5r6.191 674. 36. 8694115, -863.,384.15-3.4340).60078*(, -2375-1. 1652.

*60663-.6t)84,-9549,2.S%40:1).0..2. .7.,0.0001l2929. 1.491118,
*0.89926756685. -1'2. 491644672-2, 15.7597250787,10..17383213142,
*-26. 202606089.,0:1 7. , .0001228, 1.7911098667,0.901115015,

2. 33292J.8. 23 7:189723. 6. 057A5141 8.297897201:1957

*0..?.,~ ~~0 0. 0. -0t. I:3946 7j .16152,I889A67
I,87~27 F W. L7~~779 I. t--)9437 G98U9 0.002.

DO11.1o 23=5,-15.5104.

*2 .10 LL. 966 m's I358 PJ'r (B (9., 0.O.0)99

075F ~ 8.t. E.. 8) THENRo1H~74~85 6"6~h963

Y=. ( 7.B (2 J) -- W.'5T4(PR 92. J)8*B 25,21)0-.0 *BR J). 0.4 (I J) X22) 1

ENE hi I f-, uu 0

Y='/ (2.*Ef,3.

DO 30C. I 2MM
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END
SUPROUTIN'E VIRON(XAPQ.EF.EG.PXJX,JV.RR.DY, Th.NN'
COMMON CADTI.E(30,2),P,0RW 1TRltOTRPV
DATA~ CC/34. 163115/

4X=. Z049O3,7*XA
X=6356.766*X/16357bd6.+X)
IF ((X.LT.E(JX.1)).OR.(X.GP.EF)) THEN

IF (X.LT.E(JXW) THEN
JV:~1

-PX=po

COTO 200
ENDIF

10C., IF (AE'S(DY).t3E.O.01) PX=PX*(CE(3X,2)/EG)**(CC/RFR))
IF (AE4S(DY).LT.O.01) PY=PX*EXPI-CC*DX/E(JX,2))

200 JX=.JV

EG=E(JV.2)

DV=EG-E (JX.2)
DX=EF-E(JX. 1)
FRRýIY/DX
IF (X.GE.EF) GOTO 100

END I F
DX=:X-E(JX. I)

W OX ,2)lRRc*D X
IF (A13i(DY).GE.0.0I) Pn-P*((X2/T;,*(CR)
IF (AR(DY)LLT.0:.01) PD~l=FX*EXP(-CC*DXY/E(JX,2)),
IF (NN.EEQ.I) THEN
TR=1.B*TK
PE=2. )8B58*PQ

RO=SW/:32. 1741

CA=3.T.3C>1)17E-0:4* (TH'**1.5) /(TKý+.ý245.44.(1I0**.(--12../IlK))

IX (X.L'r.TROP) TIt:TIr,04DTI*(X--E(1,1>',
ENDIF
END

SUEPROIJU NE INFORMI
-~ .7C SEP t984J

DIMENSION LINE(2t,)
CHA'RACIER*72 LINE
CHARACtTER*15 F!MN. FNAME.

I F ORMAT ( 13)
2 FOFRMAT(Pi)

FOMO OE(4 XFIFRMFOMA)E'
4 FORNMAT(A.\)
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READ (1, 2) FNAME
READ(1l 1)I
IF (I.NE.67B) GO TO 9

C I: NUMBER OF LINES OF TEXT UNIT TO BE DISPLAYED
6 READ(I!1)I

IF (I.EQ.O) 60 TO 9
N=O
IF (I.LE.20) N=(24-I)/2
CALL CLEAR(25)
DO 7 K=, 1I

7 READ (1,2)LINE (1)
DO 8 K=1qI

8 WRITE(*,3),LINE(K)
IF (N.ST.O) CALL. CLEAR(N)
PAUSE
IF (L.E0.1 ) GOTO 6
WRITE(*,4)' DISPLAY PROGRAM NOTES ? C 0/1 = N/Y I
READ (* I )L
IF (L.EQ.I) GOTO 6

9 CL OSE (I)
CALL CLEAR (25)
END
SUBROUTINE CLEAR (3)

I FORMAT(A)
2- DO 2 I=I,JS~2 WRITE(* 1) '

END
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PFROGRAM F1IOUDE

COMMON CA. DTI, E (3i, 2) FE, PO. RO.SW.'T I,TIRI,TIFO,TRTROP,VS

DIMENSION A(5),EB(5),C5),D(8.,5),Y(B,5i).(I(8,5).,RFV(4,20)

CHARACTEZR*V2 F INN. FOUTFNAME. FMOD, FXMOI), HEADER

* PROBRAM NAME: FROUDE .. 20 FEB 1985 *

S"HF" EX F'UTABLE VERFION OF THIS PROGRAM IS DESIGNATED AS IFLITE' *

• WHICH HAS BE•.N COMPILED UNDER MICROSOFT FORTRAN77 TO BE RUN ON *
• AN IPMN FC. *

• *

* THE DRAG COEFFICIENT AS A FUNCTION OF REYNOLDS NO., FROUDE NO. *
* AND FRACTIONAL VOLUME I1 AS FOLLOWS: *
* CD =: SUM ERFV(IJ)*((RN**RFV(2,J))*(FR**RFV(3,J))*(VB**RFV(4,J))] *

OVER THE RANGE OF J;,i TO JSEG. WHERE l.LE.JSE.L-:.20, ANr *
W1HERE: RN I13 THE REYNOLDS NO.

* FR IS THE FROUDE NO. *
VP, IS THE INSTANTANEOUS FRACTIONAL VOLUME OF THE BALLOON *
RFV (•,J) ARE CONSTANTS DETERMINED BY MULTIPLE REGRESSION *

"ANALYSIS OF ACTUIAL FLIGHT DATA. *
* *

IHE 9iWJ-'E OF THE BALLOON IS ASSUMED TO BE THAT OF THE SIMPLIFIED *
* F'ARACHtIE-9i4IAPE MODEL DESCRIEBED IN REPORT NO. AFGL--TR-80-0277.
*. *

* Tills PROGRAM WAS DEVELOPED AT THE AIR FORCE GEOPH4YSICS LABORATORY *
SAS FPAIT OFf IN HOUSE WORIK UNIT NO. 76591114. *
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Vi-1'TA A,17.. ' 11539.?-54, .5,. 2928932, 1.7071060. 1666666666/,GS/96./
J-)COA I-(/). ' ,I . I.,.I./17-.9252..28932.1.7071068,.51
DA(T11A 1Z ' . 699h5E- 10/, G/32. 1741 /, RE/208155278. /, RA/5.351 / RG/386. 076/
*DATA ITM Ni./, DTV/(). 5/, DT/8. /, LL 2, LL3/2* 1 /, LAUNCH/O/
DATA AC'i.T AG4, DDO,• DD 1,•1'. TT, TTT, VD. VT, VV,07.7O,0.S9.010,.Q11/16*O./
IDATA AI.F/l. 03F---(07 /, BET/. b82/,,- AM/1443. /,I C/ 586. 73/, CF/428.IUl ý'ýTA AYVio0 :'I /. RYV/. 114 /, TYV /. 885 /, AYR/. 071'/ YR'"3 , Y/.17

DATA TYR. 842 ', AYRG/. 0028/, WOW/. Q049/, CM/. 5/,•VL/. 0C1 /
DATA C 1 , C0., C0Q., C04, C.5.G C7 C09, CQ9. CIs. C 1I/111 I. I
DATA CD, GNI ,GN2, N3/4*1./

HEADFR=' TIME ALT. SPEED RAD CD FR REN
+ VB'

1 FORMAT(A)
2 FORMAT(1X,'ENTER NAME OF INPUT FILE; B.filespec.FLY '.\)

SFORMAT(UX,"AND NAME OF OUTPUT FILE; B:fi]•spe,.FLT '.\)

4 FORMAT(13(E15.8/).F;5.8)
5 FORMAT(2F9.3)
6 F ORM.'I'IA ( 2F9. 0)

7 FllkPMATC1),6EUt.7)
a FORMAT(4(E15.8/),E15.,)
9 FORMAT (13)
10 F(ORMAT (I ( (E. 15.8/), E15.8)
177 FORMAl (E15. 8)
14 FORMATC( 1X, 73E13.7)
15 FORMAT (33E 13. 7)
J6 FORMAT (I X, fg9. ., FS. Cj, F6. O. F&. 1, E9. 3., F7.4,, 2E9. 3)
10 FORMAT(2XA)

C ("At I S TI) THE SCREEN A SERIES OF FACTS AND NOTES REGARDING THIS
C; F'RO6•kAM. THE F'ILE ADDRESSED CAN BE USER ALIGMENTED OR UPDATED.

CALL INFORM

OPENS THE PRINTER AS THE OUTPUT FILE
OPEN (5, F I LE"' LPT I ' FORM= I FORMATTED')

C OPTIONS; VALUES OF GAS '& FILM CONSTANTS
51'. WRITE(*,I)' DEFAULT GAS Z. FILM VALUES ? 1 0/1 = NiY 3'

RFAD(*,9) I
IF (].EQ.O) THEN

1=1
WRITE(*,I); INSERT APPROPRIATE DATA DISK IN B-DRIVE AND'
WRITE(*,I)' ENTER FILM/GAS FILE NAME, Btfilespec.GAF'
READ (*, 1) FNAME
OPEN (3,.FILE=FNAME. FORM=: FORMATTED')
READ( , ,4)ALF.BET.G A.,CV.CFWOW,AYVRYVTYVAYREYRRYRTYR.mAYRG
CLOSE(3)
WRITE (5, I)FNAME

ENDIF
V IF (I.NE.1) GOTO 50

r'S



C OPTIONS: HEAT TRANSFER COEFFFICIENTS, VIRTUAL MASS COEFFICIENT.
C AND EFFECTIVE ZERO ASCENT RATE
60 WRITE(*,IP' DEFAULT HEAT XFER COEFs., VIRTUAL MASS COEF. AND'

WRI'TE(*,1)' EFFECTIVE ZERO ASCENT RATE ? E 0/1 N/Y 3'
READ(*,9)I

j~ IF (I.E.EO.) THEN

WRITE(*,1) INSERT APPROPRIATE DATA DISK( IN B-DRIVE AND'
WRITEC*,1)' ENTER COEFFICIENT FILE NAME, B:filespec.CMV'
READ (*. 1) FNAME
OPEN (3:.FILE!ZFNAP1E, FORM='FORMATTED')
READ C3. 10) CQl.CQ2, C03, C04. CG5, Ca6, CV'7. C08,C09, COb, CD~I
READQ3,.8) GN1, .6N2, GN35,CM, VL
CLOSE (3)
WRITE (5.1 )FNAME

EMOTE
IF (I.NE.1) SOTO 60

c INPUT: FLIGHT DATA
WRITE(*.1)' INSERT THE FLIGHT DATA DISK IN B-DRIVE AND'
WRlTE(*,2)
READ4*,1)FINN
WRITE(*il)'

* - WRITE(*,3)
READ(*. 1)FOUT
W'RITE (*,I)
OPEN(3,F'ILE=FINN,FORM=~'FORMATTED')
READ(3. 1)FNAME
READ (3, 4)SIGGLCLEN.AD,VTM. TH~t'TCF. WB.WPW'T,FL, DB. SPID,PO
F:EAD (Z, 4) DU t ,DU2, DU5, DU4, US. AGAS, ELL, 614, XD, XG, XL, Te, X I N, X INN

J DO 100 1=1,7%0
1f) R'EAD(35) E (I,1) ,E (1. 2)

*C DRAG MODEL, COEFFICIENTS
WRITE(*,I)-' INSERT APPROPRIATE DATA DISK IN B-DRIVE AND'
WRITE(*,l)' ENTER FILE NAME OF DRAG MODEL! Et:filespec.RWV
READ(*.J)FMOD
WRITE(*,1)"
OPEN (73, F I LtL FMOD, FORM=' ORMATT r-D'
READ (3,9) FYMOD)
WR ITE(*,1I- F XMOD
WRITE(*,W)
RE Arl ("-, ) JSEG
DO 111:.W1~ JlJSEL½
DO 110 1=1,*4

WII READ (3, I-)RFV(I.J)
L-O$SE (3)
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* C INPUT: INTERVAL GROWTH LIMITS FOR RUNGE-4IJTTA VARIABLES
* . WRITE(*,.1' ENTER DIFFERENTIAL GROWTH LIMITS: ALT. t ft 3,'

WRITE(*,Il) ASCENT RATE C ft/sec 3 AND TEMP. E deg R 31
READ(*, 15) ALIMIVLIM,TLIM

* WRITE(*,1)l

*C OPTIONS: MAXIMUM INTEGRATION TIME INCREMENT, INTEGRATION TIME
C INCREMENT FOR VENTING FROM DUCTS, ENABLEMENT OF ENERGY
C ABSORPTION BY INFLATANT.

WRITE(*,IPl TO CHANGE DT Emat,3 OR DT rventJ ENTER NEW NDN-ZERO'
WRITE(*,1)' VALUE, OTHERWI-SE ZERO. ENTER ZERO OR ONE FOR AGAS."
WRITE(*.1)l DTM, DTV, AGAS I inflatant absorbs, O/1=N/Y ]'

WRITE(*, 14)DITM,DTV.AGAS
READ(*..I5)GE~.,GG2,AGAS
IF (G6i1.GT.0.) DTM=GB1
IF (6G2.6T.Q..) DTV=GG2

C OPTION: PARTIAL. FLIGHT PROFILE COMPUTATION
WRITEt*,1)l TO COMPUTE PARTIAL PROFILE.'
WRITE(*,l)' ENTER: TIME (sec) & ALT. Ift3'
READ (*,6d) ISTOP, ASTOP

C OUTPUT TO PRINTER
WRITE(5,1G)FOUT

* ~WRITE(Ii.1),
WRITE(5,.18)FMOD
WRITE(5. 1)'
WRITE(5.1l)' DTM DTV AGAS ALIM VLIM TLIMI
W*RITE(5, 7)DTM. DTV.AGAS.ALIM, YLIMO,TLIM
WRITE(Sq 1) '

c PRINTING OF PROFILE HEADINSS
WRITECS. I)HEADER

c INITIALIZATAONS AND NON-RECURRING COMPUTATIONS
L.GTEN=LOG ( 10 -

1' LLt=IN
6 LLO=IN

EGAS=AGAS
AYRG=PiGAS*AYR3'
AYRG11 . -AYRG
AV=AYV (1. +TYV*AVRGi / (t.-RYV*AYRGIfl
AG=AYRG*TWi/(I.-RYV*AYRGI)

A WTX=t;.
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C IR MODEL E SIMILAR TO REF. 15, PAGE 57 I
DO 190 1=2,30
TROP -- E(I-I1,I)

IF 4E(I.2).GE.E(I-1,2)) GOTO 200
190 CONTINUE
200 TIR0=I.@*E(I1.2)-5.55

TIRI=.74*TIRO
DTI=-.26*TIRO/(TROP-E(1,I))

C ALBEDO MODEL E SEE REF. 15. FIG. 10 1
C NOTE: XL IS IN DEGREES IN THIS MODEL.

IF (XL.GE.20.) GOTO 300
RL=-. 0025*XL+. 15
6010 600

300 IF (XL.GE.30.) SOTO 400
RL=.
GOTO 600

400 IF (XL.GE.40.) GO1 500
RL=. 005*XL.-. 03
GOTO 61.3O

500 RL=. O075*XL-. 15

C CONVERSIONS TO RADIANS
600 XD=C(I)*XD

XL=C ( I *XL

C X =COS (X. ) *COS (X D)
BX.-S!N (XIL) *'31N (XD)

c APPROXIMATE CAP WEIGHT ROUTINE
CALL, UF'SON ( 6 *1 ADL.)
.B= CL.EN/IGL

CALL. NELSON (tJOq GBSIG3)
WC=UO*A IL. WCW.TCP*GL*C-GL

C RLINGE-KUTTA ZEROING ROUTINE

DO 700 J1l,5

DO 700 I=1,13
V (I * 3 ) 0.

C ROI9NE TO SET INITIAL VALUES OF R-1." VARIAPL.fES
Y (1 1) I)0.

Y -2I) •WP+WT
Y I) =E LL
CALL. VIRON E..EFP.DDIDD3.D5.LLLDD7,DD9,TKi
PE= (1 185) *SW
V I. -, ,_ )* (WP +WF'Tp/AF
Y 14., V; t i'R

1 'J, I *:'''FE.'TJ 'RIG
f(½., 'I v
Y ,I
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.4* -+I+-++++44 ++1++++++4+ 4-4j+H-++++-+4,++.~+4-t+4-4-4-++-+4 ...

+ ~BEGIN AUNGE-4KUTTA ITERATIOJN+

++- +++++ -1--++-tU1. i~f44 .+G++++~++t#.+ f-++4t++++++ - . ... 4-4 4-+ + + ++4+.I+4-+++++-1..+4 ........

Hot, DO 1600T KJ2,

CALLVICII(3K) )DDiLDD.DK)

C RO)UTINE- ruO ADJUST MAXIMUM BIALLOON VOLUME DUE TO DEBALLASTINGI IF (WT.NE-..W1X) THEN
X =LOQ (1. ..WD/ (WT+Wr)?
CALL UPSlN (2, X ._ 5
CALL. IJPS0N(3,SIGXP.VU)
V'f=VIJ*G3L.**3
WTXý-Wr
Ilz VT.GT.VIM) VT=VTM

ENDIF

IF (KE1)THEN

C FRACT IONAL VOULUME
VR=Y (7.. I-0 /VT

C R~OUTINE 'TO DETERMI Nr AREA. OF CAP ENCLOSING THE GAS BUBBLE
CTALL. MY4LN (VB, Cit., G13,GN, DH,. SR, DMRr1, HC)

IF(GN.I-T..C(EN) CAL-L NELSON(LJ.G,SIG51)

C EFFECTIVE GAS ENvILOPF FILM WEIGHT I INCLUDINR~ THE CAP PORTION I
WEF=SD* (WIP-WC.) +WOW*1U*A8L*TCP*6L *GL

C FFTE'CTTIVE GAS ENVELOPE SUIRIFACE'[- ARE'A

C EFF17CTIVE SURFACE AREA ABSORBING IR E SEE REF. 15, PAGE 55 1

IF (EE.83E. 0. 06626) 9R=-41C* (HC-SA) *LOG ( .00626 /DE) /LGTEN

ENDIF

VSC--AL- r~i Y (el I **EAET
CV.Get'4 SA YSO

E;PEEDý Y ( I.

C ~F1R LAUNCH WIND S3PEED DURING 1HERMODYNAMIC STAVILIZATICN
IF .LALJNCH-EQ..0) RP'FEED='SFI)

SF'D9QSO"SEED*SPEED
RNu~DM*SW*AIS (SPEED) /VS
E4Uuvsw* Y (7d1(
WS=-V (21, 0;) +y( 1;1:1;1I+WB

FORCE"IBUDY-WS
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C' ýier~w) r,. Dtq,)! rOtrf INPF OUR R I(SI N6- BI-A1-WUN
I l- 1411 INC.1-1. L V. I) I (I WN

DO voo

L NI) I F~
DRAG~=. ~5%t*L*C~PE*S(SiPEEW)

1) (1 , 1(3) ýG (FORCE-DRAG). (W!3+CM*ILI0Y)

c PRE.-LAIJNflI V(ýR1 CAL MOF1i~ IftI N141EIT013
lfý I *VJNCVH. E.o4) ~( .).

0(.kJ'-DB
D 2., 1 J) = Y' (I. K+

#-++4-f4 4-I tf++++t4-4 +,#-++4, ++4+++4-41-t4 ++++++#++++-f -"4+ ..+..+.++.+...+.++.+..+.+

4 EIGIN HEAT[ TRANSFER RATES +

E SIFF REF. 19, ED.~ 24

Er\=EYRi(I (*4-T'~r-*EYRG1/cI. -RYR*EYRG 1))
tiRw ER
E I -EwrPG*EYR/ (I. -.RYR*.EVRG1)
EWU-LYRGl~*TYR./ 1 +f YR*EYRGiP

C NUS~iLTNUMBEIk ROIJI INE L SEE THIS REPORT AND RE-F. 1F) I

IF (CiP. LE.15173+0' 7) GNU=2'. 446*5P**0. 25
IF (IiF. 131. 115E+07) NU.1*P*1 /)

(7 CUONVE:C-rVE HIIEAT TRANqSFER BETWEEN GAS AND BALLOON ENVELOPE FILM

i,)(Nqx+( (1ro (1) * (GH-X(4-/2410.

cc, ROLUTINE TO DETERMINE EFFECTIVE SOLAR ENERGY

c SEE REF. 15, EGI. 38
ARMS= (Bil/PO),* (SQRTI(2283.6+7376750. 44*QAO.OA) -63.t*AB (DA))I

c SEE RIFF. 12, ED. 48
Tf:tI1=.Fp*(EXP',-.65*ARMS)+#EXP(-.095*ARMS))

FV=GS*CS*TRM I
IF (tQA.LT.().) THEN

QtE=SDRT(1.-(RE/(RE-+Y(3,K#)))**2)
IF (0PE.LT.VA) THEN

C OPTICAL AIR MASS ALTITUDE E SEE REF. 12, EQ. 51 3
ZZ-SQRT(1.--DA*QA)*(RE+Y(~3,KK) )-RE
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C ATMOSPHERIC PRESSURE FOR OPTICAL. AIR MASS ALTITUDE

AM=35. 1*PAN/PO

C SEE REF. 12, EQS. 48 & 5
TRM2=.5*(EXP(-.65*AM)+EXP(-.095*AM))
FV=GS*CS*TRM2*TRM2/TRM I

ENDIF
END IF

CC END

C DIRECT SOLAR ENERGY ABSORPTION
* *12='O2*AV*FV*HC

c ABSORPTION OF IR ENERGY
I3=C034AR*BZ*SR*T I**4

C NUSSELT NUMBER ROUTINE t SEE T1HIS REPORT AND REF. 183 3
4 IF (ABS(SPEED).LT.VL) 'THEN

CALL PRGR(GFs.67,DN.SWY(4.I-,V)qTRqVS)
GNU=f3N2* (2. +.6*GP**0.25)

ELSE
GNUJ=.37*GN3*RN**0.6

END IF

C CONVECTIVE HEAT TRANSFER BETWEEN GAS ENVELOPE AND AIR
04=C04*SA*(TR-Y (4!KK[))*CA*GNU/DtI

c I ENERGY EMISSION

C ROUTINE FOR DETERMINING DIRECTIONAL. REFLECTIVITY FACTOR I SEE
C RE;F. 15, FIG. 15 I3

ZSý-S7.29578*ATAN(SORT( (1.-CA*QA)/(QA*DA)))
FF- 1.
IF (ZS.G6I.77.2) FF=.09375*ZS-5.4375
IF ((PF.EQ.1.).AN1D. (ZS.GT.25. ), FF=.015-*7ZS+.61,69

CABSORPT ION OF REFLECTED SOLAR ENERGY
Q6=CQ6*AV*(2. *H*6*FSF*RL. * (I. -SGRT (Y Q. V'K) /RE/2. ) *QA

CC 07 THR0OUGH Oil ARC BASED ON A MODEL PERMITTING GAS IMPUJRITIES3 AND
tCr" THU$ ENERGY ADSOkrPTI ON BY THEE I NFLATANI I SEE REFS. 18 Z, 40 1

IF (EI.NE.Q.) THEN

*C RADIATIVE EXCHANGE DETWEEN INFLATANT AND ENVELOPE FILM

'Vc APSORPTION Or DIRECT SOLAR ENERGY
08=C90k~AG *F ViHC
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C ABSORPTION OF REFLECTED SOLAR ENERGY
09-CQ9*AG*,2.*HC)*SS*FF*RL*(U.-SORT(Y(3,KK)/RE/2. ) )*DA

c EMISSION OF IR ENERGY BY GAS
QIO=CQ1O*EG*BZ*SA*Y(6,KKI**4

C ABSORPTION OF IR ENERGY BY GAS
Q11"-CU I*EG*BZ*SR*TI**4

ENDIF

CC END

+ END HEAT TRANSFER RATES +

D ( 4, =(Q I1+Q2+03+Q4-5+D6+7 )/CF/WE

ROUTINE FOR EV-13 APEX GAS VALVE OPERATION
IF ((VV.ST.O..'.AND. (KK.EQ. I)) THEN

IF (PG.GE.O.936) VV-.559-PG/8
IF (PG.LT.O.936) VV-.72222*SQRT((1.072-PG) *PG)
VV-6. 127*VV*S0Rr (SW/SWG-I )

ENDIF

a IF(VIX.LEO. )) IVENT=O
IF 0IVENT.E0.O) THEN

C EQUATIONS FOR FRACTIONAL. VOLUME LESS THAN 1
D (5, •3j) =-kV*SWGSI:.~~~ (6. 11,J) = (00I+09-01 1-07-0Q10+0 11 -jW*Y (7, KK:• ).-1) ,C7.5, IKJ ) )/Y (5, Itel: I (cv÷rG)

D) (7, =~,'t Y (7. KV.•) * (1) (54 1 J) I)/Y (5, V.' K) +1) (6a, KJ) /Y (e), KK<) "+D (,1'2.K )/IRA/TRx)4 (q, 1,A) •-Sw*I) (71 K.J)

ELSE

t EEQUATIONS FOR PRAC;TIlN,' VOLUME FOUAL TO J
DT-DTV
VD=I)*SVRT (2. *G wABS (Y (8, [FK) --PE) /SWr3)
) (5, VJ ) =- (VV+VD• *SW13Sb (.i• • F• ,(.4  I ) =((I(!t~+O9-C 1 * -O7*-1IC'4÷1 1 -PE*D (5, F. ./SWGS /V( ! Y 5,I'.) !CY

t) (7, ' )= .
D (8, K:A ) .Y(03• 0',:. (11 (5, I..a Y (5, 1 K:) -0-) (• la /Y (6 :1:

ENDIF

0(*,= A (lK:a *• D :I) W ! 1 ,. 1 ) - P (iJ) *0 I I'l t"T:))
DoY ( 4-: T , I.J ) --.Y (VA , f.' ) *01,

L•.~~ ~~ 451 1, k , 1ý 0 ) =0 (i• I,' I , KI +o '_3 w- .*00-C 0"lJ) * 1) (P". I, t )

SC0," C:ONT INUF

4- 1-+ 1' 1 4 " # t + + -. , +I4 + f 1 .-4" 4++ 4 +4- 4 •"4- 4 " 4 +4-+ •"f f f f 9 4. I I-f -++ "4 4 ++ + ++-4 .++-t + 4.+ #-+++4, -.+-f.

SEND rlJhNlr-lrl!TTI I ,'Lt TION +•:•[-'4 a .4•-! 4 + 4" + 4-+ ; . . .. . .- -t A -f 4 .-I +- -;4 4 +• + +4 4 +.- 4++ e- I-t ÷-i i. t t + +f + + ++ ++ +4 ++÷ . - 1 - tI--.- + •--i +

VI.7

~ ,,: ... 2 .... . ... .-:- ...:.... -. . :.- :.~.....: - *.*. ... . -



C ROUTINE 10 ADJUST THEORETICAL MAXIMUM BALLOON VOLUME r WARRANTED
C ON THE BASIS OF THE ACCURACIE8 OF ACTUAL CONSTRUCTION PRACTICES 3
C ANOTHER OPTION WOULD BE PC3 SET VT=Y(7,5), IVENT=l AND TO CONTINUE.

IF (Y(7,5).GT.VT) THEN
VT=Y(7,I )
IVENlI=t
GOTO 00

ENDIF

C ROUTINE TO DETERMINE IF ANY SELECTED VARIABLE GROWTH RATE IS
1. EXCESSIVE r NOT APPLICABLE WHEN BALLOON DUCTS ARE VENTING GAS 3

IF (IVENT.EQ,.)) THEN
IF CAS(Y(I.5)-Y(1.1f))GTVLJM) GOT(O 1700
IF (AB(Y(3.,5)-Y(Z.,I).ET.A.IM) BOTO 1700
IF (SBS(V(4.5)-Y(4.lf).GT.ILIH) GOTO 1700
IF (ABS(Y(6,5)-Y(6,1)).LE.TLIM) GOTO 1750

C ROUTINE TO ADJUST INTEGRATION INCREMENT FOR EXCESSIVE GROWTH
1700 DTT!2,

4 IF *:DT.LT.O.5) 'THEN
WRTIE(*,I)' BAD EXIT t DT < 0.5 3'
STOP

END IF
GOTO GO0

C ROUTINE TO ADJUST INTEGRATION INCREMENT TO CONTROL ALTITUDE
r DURING AN ITERATION INTERVAL
1750 DTX=DTM

Do 1800 I-1,7
IF (Y(1I5)*DTX.LT.ALIM) GOTO 1900

F8o0 lDT):=DTX-2.
19)30 COIiTINUE

ENDIF

c PRE--LAUNCH STABILIZATION CLOCK TIMER
IF :ALINCH. E. 0) 'THEN

"IT=TT4*DT
DT =D7 Y

IF Ufl'GE,,S)THEN
LAUINICH= 1
DT=I.

* oGOT1 220,':)
UNDIF

( LAF'SED FI-IC31-IT TIMER
T -"T+I)T

--

l "4
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L ROUTINE T0 GENE-RATE OUTFPUT
2200 VD T.Y (7,O k.-1 /VT

L'A.1- MVBLN (NVDil.qGIN CONTD R DMUN ,f D1, SS DPI, MI. HMCALL VI ION ( Y (:`` KYL) ,U1P. DD I. I)D3, DOS. U.L1, LLk, Dl)7. IMI), TK, t )

IFRY (I,1 5) / Wt *DM)RN-DIM*,SN APS (Y (t, 5))/vs
=-60. *Y ( I. t5)

• C PARTIAL FLIGHT PROFILE "rERI, INA'rlLoN ctiEck.
I F ( (T., Or, TSTOP) . OR. (Y ( 3,` 5) . GF. ASTOP) ) -6OTO 4-500

c INEGRAT,;ION INC3REMENT CONTRWl= DU.IIND 17 IRST 10 ,SECONDS OF FLIGHT
IF (T. G-T. M0.) I)Tc-I)TX

C 'OUTINF TO RE-INITIALIZE RUIGE-KUTTA ITERATION
2300 DO 2400 1-1,8

Y{I | 1 )=Y(I,5)

GO I 0C) ICK)

* 250( CL OSE (5)

*t
41 O

575
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SUBtROUJTINE PR(3RlXO.XlX2.X3.X4,X-,X6)

* COMPUTES THE PRODUcT OF: THE GWRSHOF NO. AND THE PRANDTL NO. *

X')=:4i. 174*'Xl1*X2*0((X2*X3ý/X,ý)**2)*AtS(X4-X5))/X5S

END

!ý1Jr.RfllJT INt NCI.SON (Y R.X~)

* COMNFUTEfS- rF4-ACTIONAL fAPW'AREA r. IN FULL OJR IN PART 3 FORI A 8IYVEN *

* SIGMA ANM LE-NGTH I AS A FRACT ION OF THE A.CTUAL GORELEN-63TH I AS
MEASUMREI FROM THE, THCORrq:IC'AL APEX POSITION

DINENSION W(7,4)

9t~905..010280."5B121 1894,

.24(0411 25X 42T....... 9462,.7859002,

FK .;4,461? 12. 8. 99 152.769, Z90 3~95139. 2. 9~527 1 8i136. -- 1. -45702348.,

:2(" -y-lXX R j1

ENID
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SUBROUTINE MYBLN(VB.GLGBN.,DH.,SB.DMRM.,HC)

7,' * COMPUTES GEOMETRICAL CHARACTERISTICS OF THE SIMPLIFIED PARACHUTE *
- * SHAPE BALLOON•.-:•,* *

C COMPUTES DIMENSIONLESS HEIGHT COORDINATE (ZB) OF THE GENERATOR
C SHAPE I AT LINE OF INTERSECTION WITH THE BASE CONE I AS A FUNCTION
C OF FRACTIONAL. VOLUME (VB)

CALL BRAUN(S. VS, ZB)

C CONPUTES HALF-ANGLE (TI-) AT NADIR AS A FUNCTION OF ZB
CALL BRAUINU(I.ZBrH)

c COMPUTES DIMENSIONLESS HORIZONTAL RADIUS COORDINATE (RD) OF THE
C GENERATOR SHAPE C AT HEIGHT ZB I AS A FUNCTION OF ZB

CALL PRAUN (2, 74, RD)

C COMFUJTES DIMENSIONLESS GORELENGT-I COORDINATE (00) OF THE GENERATOR
C SHAPE C AT HEIGHT ZB .1 AS A FUNCTION OF ZB

CALL BRAUN(3,ZB,0O)

C CONVERTS TH FROM DEG|HEE'S 10 RADIANO
TH-O. ')174 .7,$29'25Z-`*TH

C COMPUTES GB. THE RATIO OF THE GENERATOR SHAPE GORELENGTH TO THE
C ACI'UAL DAL LOON r3-RELEN(3"1H

G~L4 0 (. -- 00+RV/ 121 H iT 1)

17()MFPUIJ E1 THE. 1ENF ,PATOR ciHAFF 131REI.F Nr37H
(?.N,-GI_*f31

AIL L AL CO JT(".-, IHE MAY [MIMUM HOF'IZONTAL I)IAMETER OF THE GENERATOR SHAPE1" 1 IHF IDIAMEILF' Ell: IHF IDI.IAL1ZEi, P'ARTrIAILLY FULL BALLOON J

D11c ,o633 I2*6NU, 1.0NVER1I. 'IHE DIAMCIER 10 THE RADIUS

u• FcOmr-PU'rT; i'Hf VOLUIMF OF i" 1 ANF.NT CONE
•~~ ~~~ ~l O N Ii-k 1 4 1 5i / * l 3 ii 6 ~ I ' T A N ( TI H )

C.. C0MPUIEL 11HE VI-ir3117 (WF THE GrNI.IATOR *:HA:E

i•.• CJIIFI+I' 'IIF {•II [l rIrII EIT IIUTI I lL.L!L [• .... JME

0114-1 j WI1-• 1 HE ,iE I 1C11JAt . AI LOON
IE- H-E AC IUL1p[,IONI

.... r .I . f i AN:'; TI ..-4!Ar C II., f; N!: ,L 1- P SHAPE (SOIREI. ,NGTIH

i-"V

.I f

4' .i.;
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C COMPUTES FRACTIONAL SURFACE AREA OF ACTUAL BALLOON BELOW THE
C LOCUS OF POINTS CORRESPONDING TO DIMENSIONLESS LOCATION (0)

CALL BRAUN(4,0,0O)

C COMPUTES FRACTIONAL SURFACE AREA OF THE ACTUAL BALLOON SHELL
C ASSUMED TO APPROXIMATE THE AREA [IF THE ENVELOPE SI.JRROLiNDINS
C THE GAS BUBBLE

SB=1. -00

C COMPUTES AREA OF THE MAXIMUM HORIZONTAL CROSSSECTION OF THF
~c B.ALLOON

HC=3, 1415927*RM**2

END

SUBROUTINE UPSON(J.X,Y)

* * * * * **-* * * * **-* * **l* •* * * .1* * * * **•* * * I . - - i • • * **• ** .x . * NWN 1 * * 4 * 4 • .* + * •*.* * * * -** * * *

* "x"

R ROUTINE TO COMF:IFLE CERTAIN CHARACTERISTICS OF THE UPF':;ON NATURAL
A!.P;I-'E: AASFrD ON TAEUILAR DATA ORIGINALLY PREPARED BY .1-I. SMALLEY *

* FOR J=1, OUTPUTS NON DIMENSIONAL SURFACE AREA *
* A/S**2 = FCN(SIGMA), R**? = .999999711 *

' FOR J--2 OUTPUTS SIGMA ,
*SIGMA FCN (6/1.) , R**2 = .999999998

-i" * FOR J=R , OUTPUTS NON DIMENSIONAL VOLUME
; V/S**3-= FCN(SIGMA), R**2 .999999"24

P.. •' ****** •** -***** ** • ************* t * ** f f ** ******i • i * **** **** ** W *.i 4W,-• * 4*4 ****,W,. *** W *

L .

) IME NS I ON UP -, 7q1

SDAIA OF:/. 359134795- "..•SY8y425s1, -. 048794261, -. 37464, 0.65,
it. J4s•l:.... ,. 191 ,J'C.--. 117"1?1769,e.. ,.737549'1 4941,

4*-. 6 06 4H:4!_•*,, .('1 794.'-14492t , -- '1. -9 97.9864fF-03
a,. ,,I, ,"; I• r-,l -4 ' i .-. l 1"--7 ., f J. .¢ I i i 2•. 550, I

i ~- f, ft 1 - . 1 . . i2 c "l ' "~ E - ' : './-, .t4•4I? . l l ' 9 t7i - l - ie!~It 4 E . O ¶• i7. . 6 -'5 ' , 5

{-*.-'1I = N C rnu LF)?23, -6. (k&QU117)i~ ~ 4 7 6

" Oill lil t' -- i, I !

"'" ~I''' yt .9+ f' l -" < [ I J l *V• $4

-.- ." triL

UP 1

Y4-1 .- If jI*16%
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SUBROUTINE BRAUN(JX,Y)

******************#**************#*#********************************** * x**

* MATHEMATICAL MODELS OF FUNCTIONS USED IN THE SUBROUTINE MYBLN *

*************************4*************** ********************************

DIMENSION BR(10,15)

DATA BR/56.l 1674,36.869415:.-8673.384153,*4340.60078.-23751. 1652,
"*6)663. 6)84, -55452. 34011.*., 2., 7. 0. 00012929., 1. 491118.,
*0. 89926756885,-12. 4916446722. 15. 759250787, 10. 1738213142,
*-26.202606089,0..2.,7., .000128, 1.791098667,0.90111501f,
*- 12. 382923389, 23.701897323, -8. 8057025141 * -8. 2295252039,
*0. . 2., 7. , -0. 00037994265363, 0. 019166414526 1. 0137,93200657,
*0. 10698678657. 1.59554475729. -5. 19740094837, 2. 5981953799,0., 2.
*7., 1..-. 0053R99018856, -. 2463831Z7, 0.., 0. ,0. , ..999685, S., 0.
"1 3. 47532637.--13.453150437., 0. .0. f). 0. C). *. .998704865, 1. 2..
*5. 70116145,-5.668903443,0. .0.,0. 0. 0. .996376.1 .,2.
*3. 17395699766, -3. 13250813076,.. f, 0. 0., o. .99216, 1. .2.
* 1j. 73557415.-67.659164535, 90. 679194635, -38.7706776393,0.,0. 0...
.. 96!%, 2. ,4... 92472377876.1 . 83075491.6:37, - 13. 8588229434,0. 0. 0.,

*0. ,. -32916.5 B. ,• 0., .310918 27740612536, -.2.67-3309861357.
*7.6.. 0* 30913506.. 7M*74C•1 32486 .. -1 . 064485699,8. 46109265334, -2. •69143362928,
.•.488 ?. .7. ,. 34085842.--.I89? -. 164925216:08, O., O., 0 ... ,o. , O. .272186 .1.

2. ,.73,i29E,'275675.-.4"37916794366. 1.023619A64267,-1.4446V774489,.
*0. * O. .• 0. . 0508769.s2. • 4., 5. 3392134074 - 28.1122836054.

*37.C1 145051127,0. .0. , 0. ,0., . 00324869, S. ,0., . 383179458027,
*-2. 5672040881 1.0. * 0. , 0. .0. * 0. ,. 00015. 1. .2. /

II- (J.l.I.t,) 6010 ýe.()
DO 100 1=x5, 15
IF TX.G3.BR(8.J)) GO'O 200

10 1i CONTINUE
.O, LL --: N1T (EFR (9-7, J)

MM= 1 IN i ER (If'). J ))

lF ?I.L.E(. .8) THEN
Y= •-R(121,',1) -Sopl (DR (12. j) *rF,' (2-3.]) '-.*P (3. J ) * I' ,J ,- ) W

Y=Y "('2. •-Bi•-( .,)J ))

RETURN
FN[) IF

DO hu.( 1-=2.MM
z':; v','='+4R~ *.'1,)*X** I- I;

END
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SUBROUTINE YIR0N(XAPG.EF.EG!PX.JX,JVqrRDY.TKý,NN)

* ATMOSPHERIC MODEL BASED ON 1962 U.S. STANDARD ATMOSPHERE;*
* WHEN NN =2, COMPUTES ONLY PRVESSURE FOR AIR MASS ALTITUDE

COMMON CA,DTI-,E(30,2)kPE.PO.RO,SW,TI,TIR1,TIRO.TIR.TROP,VS

DATA cCt/34.163195/

X=. 30480Z37*XA
X=635)6.7&bwX/ (d396766.+X)
IF ((X.LT.E(JX,1fl.OR.CX.GE.EF)) 'THEN

IF (X.LT.E(JX,1)) THEN
J1V.=1

½) sorci 200
END IF
I ~ F (ABSI)DY) .GE.0.O)1) FX=FX*( (EcJX,2)/E53,**(CC/RR)
IF (ABS(DYLL.'.1.Q.1) PX=PX*EXP(-CC*DXfECJX,2))

201) 'X=JV
JV:JV+-1
EF=E (JV, 1)

.14 EGýE (JV. 2)
DV=EG-E (OX, 2)
flX=EF-E(JX,l1)
RR=I)Y/DX
IF (A..GE.EF) 63T0 100

-J11 FD F:

DX=X-E CJX, 1)
T`V=E(dJX ,2) +RR*DX
IF (ABS (DYLBGE.0.01) PG!=PX*((E(JX,2)/TK)**(CC/RR))
IF (ABS(DY).LT.0.0I) F½1,PX*EXP(-CC*DX/E(JX.2))
IF (NN.ED?.1) THEN

Vt TEMPERýATrURE, RANK INE
:1TR I1 1 8*TV

C ATMOSPHER IC PRESSURE,* L.BS/FT**2
4 ~~PE'2. 06B59*ptf*P

A C Sr-ECrIFIC WEIGHT OIF AIR.. LBS/FT**3:
!114=. 0217464*PD/TK'

C AIR DE'NSITy. SL.UGS/FT**3
RWS5W/3:'. 1741

C viscoslrv OF AliR. LBS/FT/SECF(
VS:73f~5ZE~.l7(TR**.5)19)(TR+I198.72)
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-F7

c THERMAL CONDU(;TEVJTY OF AIR., LE:S/SEC/ DEGREE RANKINE
CA..3517E5-04, (TI(**.5/(TK+245j.4* (0**(-12,/TK)

RADIATION TEMPERATURE OF AIR, RANKINE

iF (X.LT. TR[.P) TI=TIRO+DTIN(X-E(1.,1))

ENDI)F-

END

SUJBROUT'I NE INFORM

• ••• ********* *** *******************.x ************* **' ***************** *****
*ACCESSES PROG~RAM NOTES I AUTHOR'S STANDARD ROUTINE 1I

DTMENbS.'ll 1NE(25)
CIIARACTER*72 LINE

*ICHARACTER*15 FINIW,'FNAME
t FORMAT (r3)

4 '2 FORMAT (A)
FORMAT 4X, A)

4. FC'RMAT (A, \)
FINN=--FLI TE. FAX'
OPEN ( I ,, F I LE :.F I NN .FORM=1 FORMATTED')

READ(1I:')FNAIIE
READ(1*1)i
IF (,.NE.678) GO TO 9

C I: NUMBER OF LINES OF TEXT UNIT TO BE DISPLAYED
i• 6 READ(I1. I' I

IF (I.E0.O) 6o I'D 9

N=Q
IF (II.E.20) Ný(2'f-I)/2
CAL.L CLEAR (25)SDvJI~ 7 F,-1,1

7 READ(l.2) LINE (K)
DO 8 1(=l1I

E WRITE (*,3)LINE(K)
IF (N.GT.•0) CALL CLEAR(N)
PAUSE

IF (L.EQ.t ) GOTO 6
, RITE(*,4) DISPLAY PROGRAM NOTES ? E 0/1 = N/Y 3
READ (*, I)L
IF (L.EQ.1) I60TO 6

9 C'LOSE (1)
CALL CLEAR (2!)
END

%4.
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SUBRIJU1.,TIhE CLEAR (J)

,C* ALLED ONLY BY SUBROUTINE INFORM TO CLEAR SCREEN OF PREVIOUS

*, NOtE I AUTHOR'S SUANDARD ROUTINE P .

i 1 FORMAT (A)
DO,2 I=1,J
W2 RITE(*,1)' -! ~FND

END OF PROGRAM ===== .... .....

Z4j
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Uv
PROGRAM CDMODEL

PROGRAM: (:DMODEL 30 APRIL 196'

* THE EXECUTABLE VERSION OF THIS IPROGRkAM 13 DESIGNATED AS 'CD'
* WHICH HAS BEEN COMPIL-ED LINDER MIC:ROSOFT FORTRAN 77 TO CIE RUN

ON AN IBM PC.

THIS PROGRAM FORMiATS DRAG COEFFICIENT MODELS FOR USE WITH THE *

* xECUTAal-E PROGRAM 'FLIIE',
* THIS PrOGRAM WAS DFElE.OF:'ED AT AND FOR 'INE AIR 11JRCE GEOPHYSI1CS
* LABORATORY AS PART OrF IN-HOUISF WORI-. UNIT NO. 7591 114.

DIMENSION RFV(4,20)

CHARAC TER* 15 FMOD

FORMAT (At',.
3 FORMAT C 13)

11. FORMATtA)
* 1 FORMAT(E1I5.8)

19 FORMAY ( IX. ' COE'V. FOR ITERM 17I3.',\
wt FORMAT (lX,' REYNOL-DS NUMBER EXPONEMT '' A
I1 FORMATUIX,' FROUDE NUMBER EXPONENT ''

22 rORNAT dX,' FRi-aT I ONAL VOLUME CXPONENT :'\

-- t CALL INFORMU .c Cu'Wi rE 2)* CN4I:ER NUMBlER~ Or' TER1M3 IN MODEL,: L LE.2i) V
IF (JSEG.GT.2Q.OR.JSEG.Ll.1) GOTO 160
WrItTE (*, It)'

WRITE (*. 19),l
READ(*, 13)RFV( 1,J)
WRITL(*. 11),

"W RF-AD(*.l 13)RFV(2,J)
WRITE(*.I
RVAD(*.1)RFYC3..J)
WR ITE(*22)
READ(*..13)RFV(4.J)

WRITE (* * 1 ' I NSENT PROPER DISI, 111 El-DR I E. AND'
WRITEC*.-l ENIER E MODEL -NAME: El:fllespec..RFV'
R~EADf(* 1 I)FMOV
OFFý.N 1> : 1 J =FWMCJD. STTff-NE' F!ORMý- FORMýVATTED'
wk!1 rr 4:7 11 )f917o)
WK 11 C.3) JS E G
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DO 120) J=1,JSEG
DO 17.0 I1=1,4

12) CILOSE 13RFV(IJ)
COE(3)

SUBROUJTINE INFORM
c SEP 1984

CHARACTER4ý72 L. *'I
CHflRACTER* 15 FINN..FNAME

i ORMAT (1-3)
22 FORMAT(A
3 FORMAT (4X, A)
4 rORMAT ((O,\)

F INN~r ICD. FAX~

OPEN (1 FILE=F INN. FORM=' FORMATTED')
READ 0, 2) FNAME
READ (1 1) I
IF (I.~NE.'W1) W1 .0 9
1. NUMLER OF LINES OF TL~r UNiT TO BE D~ISPLAYED

6 READI)1J) I

IW (J..E~.2) N=0 10 9./

CALI. CLEARF('-5)
Dfl 7 K1I

7 R-El~D1 )LTE<

a WR ITE (ii,S:) I-INE(0-

Ir (L.EGI.l ) 6010 6
wRITrE (*.4)' DISP'LAY Pf~(R'W4' N-YiLE5F '? 1. /1 =N/Y I
READ i*, 1) L
IF (U ED.. 1) OIT 61.

CAL.L CLEiAR (25!)
END

1 FORMAT (A) LER(J

Do) 2 11.,J
WR1ITE(*,$)"'
END)
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PROGRAM DATrAFORM

c THIS IS A FORTRAN PROGRAM TO FORMAT INPUT DATA FOR 'QCD.EXE'Ell AND FOR 'FLITE.EXE'.

DIMENSION X(213),E(9,2),Y(30,2),Z(100,4)

CHARACTER*64 FIINN, FMAT
DATA. r./0. ,11.,,• 2'34".,47".,52.,61.,79.,88.7,288.15,216.65,216.65,

-*22B.6•,27.•/.,65, 27 .65s, •7)..•.•5, I •4Z. 5,18 . 651, I f/Ol, A I II. /
DATAACA,1/,,,

I FORMATC( ENTER NAME LIP OUTPUT FILE; B:filaspec.FLY ,\2 FORMAT (A . " \
" ""-; FORMAT( 1 ".

4 FORMAT (I X078. 0, 1X.F8.O, IX, E15.8)

5j FORMAT (I X,F8.Q, IX,F8. o))
6 FORMA! (' NEW FLIGHT DATA FILE [N/Y 0/13 ? 'q\)7 FORMA7'•( NEW EFAS/FILM COEFFICIENT FILE. [N/Y =0/1) ? "\e FORMAT(U NEW HE-Al XF:ER tVOEFFIrIENT FILE [N/Y -- 0/13 ? "\9 FO0RMATI(' ENTER NAME Of O T U I E B:filespec.GAF ,\
I1Q FORMAT(' ENTER NAME OF OUITPUT FILE; D:filespec.CMV ,\it FORMAT (A)
12 FORMATI(' IS INPUT FOR PROGRAM "FROUDE" EN/Y -0/11] 7 ,

iCALL INFORM

C CREATES s:fi le.pec.FLY
WRITE (*,6)
READ(*, 3) 1AMIF (!I .O )THEN

wRITE- (*, I)
!•. READ 0: ., 11 ) F INN

FMAi- (E15.0 )

WRITE 1(*,2)
READ (*, 3) JFD
IF7((JFD.NE.O).0R. (JFD.NE.I)) GOTO 50
WRITE(*,2'' SIGMA"
READ ( *,FMAT ) X (1 )
WRITE(0,2)' GORELENGTH [FT3'
RtEAD (*, r:MAI) X (2)WR:I'E(*, 2) CAP' LENGTH (Fl)']
READ '•.FMAT) X C:)
WR !TE(r.'2)" TOTAL. DUCT AREA [S0 FT]READ (*,FMAT~x~ THII:EX lii >
WRIIE(*,2)' MAXIMUJMi BALLOON VOLUME rCU FT]'
READ(*,FMAT)X(5)
WRITE (*,2f - FILM THICK'NESF [usils]'
READ F* FMAT) X (6)
WRITE(*,2) ' CAP THICKNESS lmils]'READ (*. FMAT) X (7)
Wk I 11*,2" B•ALLOON WEIGHT ILBS]'
REAl) ( *, F 'MAT) X (8)
WRITE( ,2) IRREDUCIBLE PAYLOAD WEIGHT ELBS]0
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P1 Al ( -, V AT ) X (9p)
Wr~ uL u (N 3ALLASI WEIGHT CLEOS]

WR I'TC (-* 2) 1 %RACT IONAI. FE L. I VT'
RE Al) (- ý FNAT) X ( I I
WrxI 'fE 04 .. 2) 'DALLAIST VfIUR RATES UVS3/MINV
rZEAD (,( F MAT)xU,1,2)
WI. 1 T F *, 2) G~ROUND WIND 8PNEE) t'lriclts
RE ' :)V r17 F(1 , (.1I.
Wh IT I E - 2) 'LAtIN1EII ]TV ATM. E`R~E~URF [r mb-sJ

lkIP -MAT)~ (14)
X~ 1) 1

WED(X tA 18)18

XI Li 9e 1IE-Ee~'Ž~

NI J:' fj ). EQ. rJAli.E MENII AI)NTIE :e
FAl) F L MAT ) X ( 16)UW1111 (*, 2) 'UMOX EL. ERR L INA ATMOI'NEU CLOSURE C.01 Ya.

EVE:ADi (*, 1--NA- ) X. ( 16)
WI, 1F -1 V )' UDERA (OF FLI3H1~l ADRUSTMEF0NT~ 100 maN
RE-AD (*If-t10I r X ( I0)

RE=~h AD 127A1))X(0

V(1.1) ( .F11 )X(

z(I , F-I VGINTO El0.e3

P7 (1 2) 1 0.A
WR I II 2 1E)`.R7JE.SA ILZTONTM.Ee

F2m(hx)-s
WE#'w,7 U D 1'L1l-AMS -1K.R ONS 1'' a

RE: D I- MIAV A ""I

WN F 4 UBRO LGH RFL ONSC0 a]

s-I'I

DO2( 1,IN
Z )=(

Z(4-2=O

J--Jv.J~jr4~Z 1
4

' ".1)=. .. ~**
.4 (1&* 4) =-O.* 'I * * -, * . .* ' , * *



c INPUI LOCAL ALTITUDE-TEMPERATURE PROFILE
WRITEi*,IW)' LOCAL ATMOSPHERE: ALT. EGkm] - TEMP. CKelvin]'
WRITE(*,2)" IF RANKINE ENTER 1.8; IF KELVIN ENTER 1.0'
READ (•F.MAT) TCON
FMAT=' (F9. 3)
DO 300 1=1.,IN
WRITE(* 2)' ALTITUDE [6Km]'
READ (*,FMAT) Y (I, I)
WRITE(*,2)' ABSOLUTE TEMPERATURE'
READ (*,PMAT) TABS

300 Y ( I, 2)=TABS/TCON

WRITE(*,11)' FLIGHT PROFILE: ALT. t t] ELAPSED TIME Esecl'
1150 WRITEi*,2)' ENTER ALT. SOURCE NO.: I = PRESSURE, 2 RADAR ?'

READ (*,3) ITEM
IF ((ITEM. LT. 1).OR. (ITEM. GT.2)) GOTO 350

c COMPUTES STD. ATM. PRESSURE FOR INDICATED FLIGHT ALTITUDE
FMAT=' (F8. 0)'
DO 601) I=1, INN
WRITE(*,2)1 ALTITUDE Eftt"
READ C*,.FMAT) 1 (1, 2)
WRITE(*,2)' TIME [ ec]'
READ (*,FMAT) Z (., 1)

IF (ITEM.EQ.1) THEN

!,, "•0=6."56. 766*Q/¢(6356766. +0)
-A F ( (Q, - ,E- (WD, 1 ) )AND. (h). 1-1'. E 1) ) G'OTO 500

400 ,JI)=JIFF
J IFF=J IFF+I
El=E(a IFF, I)
E2-E (I!FF, 2)
11)2*-E2-E ý )

1)X- I -(: El-: W D, 1)}
~= TD/J) X

IF .L".!.r. ) GOTO W50
IF (AlO it HIlHi* i.2 kP- :*IXiEcD,?R)

-.. 601 4OO 00

500 ( 1) 1):•:•'= 500 ~~~I)X=:O-E (J]D, TI= •1), ' R

TV =13~ tJ 1), 2+R%*D.X
IF (I'SSiTD).6E.0.1I) Z T], * LE(JD.2)."I1.)**(C(:iR.
I)F (ABS (TD)).LT... 0!1 Z(1,7),HI X•,* J ))

N1,.1 END I F
: •,I •, K• Nf• ]~~WR T I'. (vw, 4)• Z (I 1, 1 ,? (1I "•,Z(]•""

.. w•. IF- (IIIENEO-'ý) GOI0 21011

C½', C.l.*|,I• S ALl I TUDE FOIF LUCAL AI HOýFPE'R 1C PRESSURE
LI ,1(lo IQ.. r 1. INN
ALLZU2
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Dzzu0. 0)Q*z (
700 Q=. 3Q4@0:37*fM

I F (01. C.Y(J 1), 1))AND. (Q~.LT, r- ) GUMl 9C00
IF (Q..6E.Fl) GUTO 0400
3 1 FPIa 1
HI-X( 14)

900 J D:J I1FF
jlIFl-j IFF4Ij

E1=-.Y(J I1FF, 2)
TD=E2-V (3D, 2)

!%..TI)/DX
~(C.LI.EI) GO0TO 900

Tr (ALIS(rD) LT..01o) Hl=II1*EXFP(-CC*DX/Y(JD,2))

1)T X 600- ( D

rI.eVJD,2)+R1*DX
IF (A&OS(MD.GE.U.01) 3P=H1*((Y(JD.?*)/TK)**(CCR))
IF (AL133(TD).LT.0.01) 9P-H14"IXP(-CL'*DXlY(3D,2))

c PREFSSUR~E CONVWRGI!NCE CHECK

c C:0IRiiCTS MONOTONIC #ASSUMIPTION IF, REQUIRED
IF (II).LT.2) THEN

IF (IQEG'.2) THIFN
(F (C ( (0*000~ GT.O A ND.~ (APS 00.P) 61'. ADS (0) ) THFN

'A I = - t.

AC4-o.

DAL.ý800.

FNDIF

FNDIlF

C, 1 LIMIT CHFCý
IF (ADUS(Q) THIV2)iEN

CNUT WITHIN I.IMIl'i
IF: (CUT-0) GOT11) t 60

AC'-.-I

GOf) 10 1i00

t 100. DAL. DAL/ (AC':2+A4A(
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AL:;AL+SCN*DAL

ENI)IF

C WIIHIN LIMITS

AC42=O.

2 ; : R1TP(*,S)ZeI,2),Z C1,4)

210 OPEN(-ý,FILE ýINN, STATUS-ýN~i')~,FORM='FOWMATrt&~'
WRITE C3.5 11FINN

2200 WRITEC(3,Ft'AT)X(1)
FMATat' ',2F9.3) '1!

2300 WRII E(Z, FM(T)VI, 1) Yt 1.2)

00 *2400. It!1, INN
211400 WPRITEC(',FMAT)Z (1.1) ,Z(J.2)

CL0WE (3)
EZND I F

c CREAT1rS Bt'fd I psec.GAF
F0 ~WR ITIR *, 7)

IF (tAM.FG1.1) THEN
WR I Tr (*, 9)
rPEAD.I(' Ii)FINN

F~DMAT*1ACE IC (.1)UW RI IT.r:M2) * ALF
RE A)(*, FM.O) XC ( )

w1CAD (N. F2IA)X(2

rFt-D (*. FMAT) X (4)

PE-Au (*, FMvAr) X (5)
N wR1Tc*,2), WCOW'

RFAD (*,~~I F (i)x%6

WP I II Y ,,'

RE A~D F 4~FAI
WR I It; ( ,2) , 1vV,

wvII (.1 y
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WRI E(* 2) RYR'
RAI) (*, FMAT) X (12)
WRITE(*,2)' 'TYR'
READ(*,FMAT, X (13)
WRITE (*.I2 AYR(G
READ(*, FMAT) X (14)
OPEN (3QF ILE=F INN. STATUS-=' NEW"` FORM=" FORMATTED')
WR ITE(3, 11)F INN
DO 2600 II.14

26v4)O RITE (3, FNAT) X (I)
C[LOSE C 3)

END IF

C(cREATES El: f i I espec. CMV
WRITE (*,8)
READ(*. 3) 1 AM
IF (lAM.Eu.I) TEN

t0RIrE (*. 10))
READ(*, I1) 1-(INN
F MAT-- (E* 1.)' C)
WRITE(*.2) ' CQ1'
READ(*.FMAT) X (6)IR I TE(•*, 2) ' CQ27'
READ(*.,FMAT) X (2)
WRFITE (*2) ' CC.E(
READ (*, FMAT X
WRITE(*.,2 C) 4
READ (*, FMAT) X (4)
WR I TE (*, 2) ' CO.5'
READl (*, FMAT) X (5)
WRITE (*., 2)' 1C6'
READ (*. FIIAT) X (16)
WR I'l- (*, 2) 6 CN7'
R6Al)(*, FMAT) X (7)
WRITE ",2) V LCQUC
READ(*.FMAT) X (8)
WR ITE (*, 2 F) F C ILZOC9
READ(*. FMAI) X (9)
WRI II- (-N ,E2)f - CFIO

;•RIE, 11) 01• FMAT ) X ( 10 )
10 W I 'IE ( w •2 ) ý C 0 1Il'

READ)(*, F-MAT) X ( 1 1)

WRITLE (-1)• INN"
READ,(*, FMAT) 'I ( 12)

•""WR ITE ,-*., 2) "' GN2-
iRL •AD (*, F'MAT) X (1I3):

WR In~* i ) GN3'

::, RI.A~~WRI) T ,FMA i A; , TE*2)"- VIRTUAL MASS COEFFICIENT"

READ (*•, FilAT) X ( 15)
.RT(, 2.'. -F'FECTIVELY--ZERO VELOCITY'

• ~READ (*, FMAT) X (16)
•: ~ ~~~~OPEN ( :-' 1 I L E-:-F INN,• STATUS---"NEW-' .FORM='"FORMAT TED')

WRI TE (3, 11) FINN

DO 2800 1-I= 16
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kI,

'0 ~ IJPROUYJINE* INF ORM
SEF I YE1

DIMENSION LINE(2~5)
1.1APAC' iERN 72 L INtE

CHti-M~CTCR* I 5 F- NNFNAME:-

2 I OHiM0I I.'*ý)
F- IRMA. T .4 X , A~)

it I:DRMAT(A,\)
F INN=, UcDir)ATrA. F:AX

OPE N ( I , F [I LE=FJI WNW FDFM=' FoRmA rTE)'

REAiD 1,. I) FI4M1

It: (.(.,E.4f 7B) (3O TO 9
C 1' NOMPF"R OF LINES OF TEXT UIJNT TO Sr DISPLAY91

IFA (1,EO 1 ) I O(

I? C . ECISE ( 1) 6

IFL I.L.CE.R26) N(41/

'3U'RLJ I. NEL EAR (25)

KEORAl (AI, )LIN:0:"
DO S ~1: *I

SkI : 3 L. ITNE 0.')
IFEND T0 ALCERNHr(.C1.t)UT

l4R~t(*,1' ISLA POGAMNOES 1 /1 91

RED(-,1)L
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Appendix B

Glossary
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GLOSSARY OF PROGRAMS IFINDCD' & 'FROUDEP

NAME REFERENCE DIMENSION DESCRIPTION

A(N) constant RUNGE-KUTTA AND OTHER CONSTANTS
AB3L UPSON BALLOON SURFACE AREA / GL**2AC3 default CONVERGENCE ROUTINE PARAMETER ( 0 or I
AC4 default CONVERGENCE ROUTINE PARAMETER ( 0 or 1

AD input +t**2 DUCT AREA, TOTAL
AG Model .... EFFECTIVE UV APSORPTANCE OF GAS
AGAS input IR RESPONSE CONTROL, GAS E 0 or 1 I
ALF def/inp ibm/iFt/sec VISCOSITY COEFFICIENT, GAS
ALIM input ft ALTITUDE GROWTH LIMIT IN TIME DT
AM Model mass units OPTICAL AIR MASS
AR ..... EFFECTIVE IR ABSORPTANCE, FILM ( = ER
ARMS Model mass units OPTICAL AIR MASS
ASTOP input ft ALTITUDE, COMPUTATION ABORT (see notes)
AV Mod-l ------ EFFECTIVE UV ABSORPTANCE OF FILM
AYR def/inp COEFF. OF ABSORPTIVITY, IR
AYRG def/inp ..... COEFF. OF ABSORPTIVITY., SOLAR (gas)
AYRBI f or mul a ...... (1-AYRW)
AYV def/inp -..... COEFF. OF ABSORPTIVITY., SOLAR
IB (N) constant ...... RUNGE-KLITTA AND OTHER CONSTANTS
DE formula lb/ft**3 SPECIFIC LIFT
BET def/inp ..... VISCOSITY EXPONENT, GAS
BP VIRON mb PRESSURE., AlMOSPHER.C (not used)
PILI)]Y lb B1JOYANCY., TOTAL
8Z constant lb/ft/ser./R**4 STEFAN-BOLTZMAN CONST. (3.6995E-I0)
C (N). - constant ------ RUNGE-K.UTTA AND OTHER CONSTANTS
C F VIRON Ib/ sclR COEFFICIENT.. THERMAL CONDUCTIVITY OF AIR
C. r. constant GKIIl /;e-I virl VALUE (34. 167195)
C.) COEFFICIENT., DRAG
CF utefiinp fti/Rankine SPECIFIC HEAT OF BALLOON FILM
C6 formula lb/siec/R COEFCFICIEN'r, THERMAL CONDUCTIVITY OF- GAS
CLEN input +t LENGTH, CAP
CM def / np ---- COEFFICIENT., VIRTUAL MASS
CU I def / i lip .. CORRECTION FACTOR FOR Q 1
C(1)1C def/fmrip CORRECTION FACTOR FOR 010
CQ I 1 def / i rip ...... CORRECTION FACTOR FOR 01 1
Cc2 dlef/ilp ....... CORRECTION FACTOR FOR 02
CD'. def t rip ...... CORRECTION FACTOR FOR 07,
CL4 def/ino ..... CORRECTION FACTOR FOR 04
CI05 de+/inp ----- CORRECTION FACTOR FOR Q5
CO- de{ / rip CORRECTION FACTOR FOR 0.6

S.e / i nip ---- CORRr TION FACIOR FOR 07
C08 def /irip CORRECTION FACTOR FOR VE3
c:09 def I i rip CO5iRECTI ON FACTOR FOR 09
(S def aul t SOLAR RADIA'TION FACTOR
(V def/inp ft/Rar.ildne SP. HEAT AT CONST. VOL., GAS

for mu) a ..... COS (XL) *COS (XD))
01N) for-mLiua.I TIME DERIVATIVE OF Y(MI'l)

"'AL. ft ALLOWABLE AL. TI TIJDE CLOSURE
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DB default lb/sec ACTUAL DEBALLASTING RATE (default is 0)
DBB lb/soc MAXIMUM DESALLASTING RATE (converted)
DBE input lb/min MAXIMUM DEBALLASTING RATE
DCD input CD ADJUSTMENT
DDO VIRON GKm STORAGE I EF 3 for altitude ZZ
DD1 VIRON GKm STORAGE C EF ]
DO2 VIRON Kelvin STORAGE I EG 3 for, altitude ZZ
DD3 VIRON Kel, in STORAGE I EG I
DD4 VIRON mb STORAGE C PX 3 for altitude 72
DO5 VIRON mb STORAGE E PX 3
DD6 VIRON Kelvin/GKm STORAGE C RR I for altit' doE 72
DD7 VIRON Kelvin/GKm STORAGE E RR 3
DDS VIRON Kelvin STORAGE I DY 3 for altitude ZZ
DD9 VIRON Kelvin STORAGE C DY I
DtOD MYBLN ft DIAMETER OF BALLOON
ERAG formula lb DRAG, AERODYNAMIC

DT default sec TIME., INTE13RATION INCREMENT
DTI Model Rankine/GKm TEMPERATURE GRADIENT., IR
DTM def/iinp sec: TIME, MAX. INTEGRATION INCREMENT (20.)
DTV def/inp sPEc TIME, VENTING INTEGRATION INCREMENT 0.
DTX set 'NTERI1EDIATE VALUE OF DT
DUI input DUMMY (unused)
DU2 input ----- DUMMY (urnused)
DU3 iwliput DUMMY (unused)
l04 input DUMMY (unused)

DUS input DUMMY (unust.d) "
E(NI 1) i riput G6Km ALT I TUDE
E(N.,2) input Kelvin TEMPERATURE, ATMOSPHERIC PROFILE
: EG Model EFFECTIVE IR EMISSIVITY OF AG AA

EGAS ..... IR RESPONSE CONTROL, GAS E = AGAS I
•! El Model ..... RADIATIVE EXCHANGE COEFF., GAS & WALL

* ELL i nputý +t EL.EVATION, LAUNtGH -Al1
ER Model .... EFFECTIVE IR EMISSIVITY OF WALL
ERR input ALLOWABLE R.E. IN COMPUTED ALTI1U1.E
EYR def/inp COEFF. OF EMISSIVITY. IR
EYRO Model ..... COEFF. OF EMI S]v r'Y (gj•)
EYR3I f ormula ..... ( I -- EYRD )
F(N) +ormIIlas (var i ahl-) (locally defined)
FF Model DIRECTIONAL. HEMISPHERICAL REFLECTIVITY
FL input ----- FREE LIFT. FRACTIONAL
FLY (N, I) input sec T IME
FLY iN,2) j nput It ALTITUDE
F'OrC;E 1lb LIFT, NET
Fill .... FROUDE NUMBER
FRD ... FROUDE NUMBER
FR (N1, 1) output. --..... REYNOLDS NUMBER
F'L(N, 2) pt ..Oa L. FROUDE NUMBER
FFP'(N, 7) cutp..l FRACTIONAL VOLUME
FR (N,,) output . DRAG COEFFICIENT
FV Model lb/it/s5c UV FLUX

const.ant ft 1".1 sc**2 G;RAVITAIJONAL CONSTANT ("-.. 2.17-1)
GAM d.,.f/lnI, it. lh/I1bn/R THFRMAI_ rONDUCTIVITY COFFF., GAS
orl r.cnt alit ...... ( CLFNIGL : used :rco as DUMMY

S3GB MYBLN ...... ( tN/GL
6B 1 input (vr iab)r.,) DUMMY ( locallv defined I

3%



03G2 inpUtt (vari able DUMMY ( locally defined
GH input deoree@ GREENWICH HOUR ANGLE
GL. i fiput ft SORELENGTH, BALLOO1N
GLNIO Constant ....... NATURAL, LOG OF 10
ON MYOLN ft GOREL!ENBTH, GENERATOR SHAPE
GNI def / inp ..... CORRECTION FACTOR
GN2 de+ / i np ----- CORRECTION FACTOR
GN3 def / i np - CORRECTION FACTOR
GNUI Midel . NUSSELT NUMBER
GP PR*R ----- GRASHOF NO. * PRANDTL NO.
US cwontant lb/ft/isec SOLAR CONSTANT (96)
HC NYBLN 4t**2 ARKAUV ABSORPTION
IN ..... lT (X.IN)

INN ...... INT(XINN), nubject to option
INN input ...... NO. OF FLIGHT DATA POINTS TO BicE ANALYZED
IVEN( ...... STATUS OF DUCT VENTING ( Y/N 1/0
JSEG input ..... NUMBER OF DRAG MODEL SEGMENTS
K(I ...... INDEX, RUNGE-KUJTTA

---- .. INDEX, RUNGE-.IJTTA
j, ...... INDEX. RLINGE-KUTTA
ULAUNCH dief Au 1 t .. STATUS OF LAUNCH ( Y/N = 1/0

I LEAP default .... STATUS ( TT.GT.DT / TT.LE.DT 0 / 1 >
', LL.0 VIRON ... STORAGE E JX I for altitude ZZ

LL.I Y IRON ...... STORAGE L JX I
L±2 VIR)N STORAGE I JV .) for altitudiý ZZ
LL:. V IRON ------ STORAGE C JV I
PQ input mb PRESSULRE-, ATMOSPHERIC AT LAUNCH SITE
PAM VIRON mh PRESSURE. ATMnSPHERIC (at alt. ZZ)
RE VIRON lb/ft **2 PRESSURE. ATMOSPHERIC
PC forruIula III,,f t**Z2 PRESSURE DIFFERENTIAL, BALLOON APEX
0 1 M,N) %orni l a.-I. ; var t Abl e'. VARTIABLES, RUNGE.-KUTTA
0Mudel ft. lb 'WeL CONVE('TIVE HIEAT TRANSFER, GAS & WALL
010 Model +t Ib /ec INFRARED EMISSION, GAS
011 Model ft lb/1.ec- INFRARED ABSORPTION, GAS
11112 Model ft Ib./sec DIRECT SOLAR ENERGY ABSORPTION
0". Modol ft 3 )/seC INFRARED AD4SORPTION
04 Model ft lb/ sec CONVECTIVE HEAT TRANSFER, WALL 1. AIR
05 Model ft Ib/Cec INFRARED EMISSION
04) Model ft l b/sec REFLECIED SOLAR ENERGY AEBSORPTION
07 Model ft IbI1,:ec RADIATIVE EXCHANGE, GAS & WALL
o8 Model +t Ib!sec DIREiCI SOLAR ENERGY ABSORPTION, GAS
"(,09 Model f t I l/ Tiec REFLEC1ED SOLAR ENERGY APSORPTION. GAS
OA formula CUS(SOLAR ZENITH ANGLE)
0B ' or muIa COS .fcnLa1 titide])
00 f . flirlmti1 a (var i ab l P) DUMMY, F.UNIF-K .UTTA
FA :orst.Ant ft,/kRnl:in* Gi.S CONSIANT, AIR Q533..352)
RE consta~rt ft RADIUS OF EARTH (20,15,,278)
SRFV,M,N1) 1 1•pUt. EXPONEN1S AND COEFFICIENTS. DRAG MODEL.
- G con-itAnt ft /Rantine GAS CONSTANT, HELIUM (386.076)
P 1.Mode M REFLECTANCE

:. •.• RM' M'Y[l4hN i t RADI) U5~, GAS SBUL.BIE

'. N for mu). a .... REYNOLD. NUMBER
"". RO VIRON sIug/ft*f 3 DENSITY, AIR

""YR clef i ,'p ....... COEFF. OF REFLECTIVITY, IR
YV dcf.ip ......... COEFF. ['F rREFLECTIVITY, SOLAR

,'
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SA Modol ft.#*2 EFFECTIVE SURFACE AREA OF GAS PIJDP.E-
SEG MYPLN AREA OF BALtLOON DUat1.LEt FRACTIONAL
SIG input .... SIGMA, IBALLOON SHAPE FACTOR
SIIIX UPSON ... SI-GMA. IN FLIGHT
SPD input Iknots LAUNCH WINID SPEED (convertcod to 4tisoc)
SPDSO (ft/tec)**2 ( not used
SPEED ft/ ec ASCENT RATE or launch wind speed
SR Model ft**2 EFFECTIVE IR SURFACE AREA
*Si VIRON lb/f t**3 SPECIFIC WEIGHT, AIR
SWG formnila A b/ft**7 SPECIFIC WEIGHT. GAS
S! formuIa ..... 'IN(XL) * S.N(XD)
Iec TimE- TOTAL ELAPSED
I,:1 i npuI: ebi 1 S. THICKNESS OF CAPS 4sum)
T III input mi 1s THICKNESS, BALLOON WALL
TI VIRON Rank me TEMPERATURE, EQUILIBRIUM RADIATION
TIP1 Model Rankane TEMPERATURE, IR i at tropopause
"TIRO Model Ranki ne TEMPERATURE, IR it msl
Tf V IRON k el vin TEMPERATURE, ATMOSPHERIC
TLIM input RanI:: ne TEMPERA] URE GROWIH LIMIT
TR V IRON Ran ki ne TEMPERATURE, AIMCISPHEIR I
TrhI Model TRANSMITTANCE, ATMOSPHERIC (solar)
TRM2 Model TRANSHI TTANCE, ATMOSPHERIC (solar)
"" ROF Model 5Km HEIGHT. TROPOPAUSE

i nput sC TIME. TEMPERATURE STABILIZATION
T'31 OFP' npu SVC TIME. COMPUTAT ION ABORT (see notes'.

S11 Ici rIME, ELAPSED PRIOR TO STABILIZA1ION
T. TT ,c TIME, REMAINING IN INTERVAL.
ITT 1EE STORAGE E T 'I
iX VIRON Ie:.e1vin TEMPERATURE AT ALTITUDE ZZ (not used)
STYR df/.np ...... COEFF. OF TRANSMISSIVITY, IR
IfYV dv+.I•np ...... COEFF. OF TRANSMISSIVITY, SOLAR
[.1 NELSON---- -- FRACTIONAL PARI 01- UO'
11o NEI ",ON RATIO: CAP AREA , PALLOON SJRFACE AREA
", f' ft*.h3 VOLUME OF GA!., PRELAUNCH (no superheat)
VI 1.. VOLUME OF PALLOON. FRACI IONAL
VI) f or'Mu I a t**.* sec: VOLUME FLOW RAIL THRiOUGH DUCTS
VL dof /i np f t., sec EFFECT IVE ZERO VELOCITY

.I Mt i nput 4 t./s ezc VELOCITY GROWTH LIMIT
"V5 VIRON Ib/f t:setc VISCOSITY, AIR
Vc. 4 I: airmu•I. I b/ft tsec VISCOSITY. GAS
'T + t,**:" VOLUME, AT CEILING ALTITUDE
VTM input ft**3 VOLUME OF B4ALLOON, THEORETICAL MAXIMIJM
VU UPSON ...... RATIO: INSTANTANEOUS VOLUME / GL**-
VV Model ...... DISCHARGE COEFFICIENT. EV-.13
VV I ormul .a ft**3/sec VOLUME. FLOW RATE THROU'GH EV-13
1(mN) NELSON ......... COEFFICIENTS, CAP AREA
WU i nput 11b WEIGHT. BALLOON
WC f ormul a lb EFFECTIVE WEIGHi, CAPS
WE formul a I b EFFECT IVE NEIGII.!I SUBEILE ENVELOPE
wow clef / inp Ib/ft**2/mxI UNIT WEIGHT I POI-YET1HYLENE 0 .0049
kqp' i• ri put• 1 b WE I 614T, I RRED)UCIBL.E PAYLOAD

•W .1,, b F WEI GHI,. SYSTEM
I,',N npull I b WE I GIT, BALI-AST

•''WIY Ilb STORAGE r WT 3
wv sVec:/f t**2 STORAGE [ SW/VS I
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k ,INN a Eit DNo.111 oca I1 d0 L.
4 

tivd)

II Inpu L cct.e: DF-~CL I No' I I ON, 1. AUNCH
XGnPut deg~r czw L.ONGi ILIDE, I AtNL1I

X IN Ilput: -NO. OF L.OGA -~ ACM(IOHE POINI'D (MAIX-73i))
X INN -tr----NO CFL F1117 I 1:1I MX10

I 1ut t'goo L-AT I rUL)V, 1. AUINr:H'i
X\AL (:1 ,.TORAGE I: Y (3, 5) 1
x X11C St I4 Or IAGE 1. 1IC( .1
x XPRM f t STORAGE- U *1:
XXVB -- STORAGE L VDi )
SXWV SLft'2 STORAGE I WV 3

y (v~r b I P) DUMMY 0(ioc~ally clefirod)

k-AY(lN) t or mu i a ft / sec VLLL.Ul.-I (Y, ASCE:NT
Y C N) f ormu I a I Ii WE 1GW', P'Alwto,')
Y C., N) f or mitI A f t J1 -T I lUDE
Y (4, N) + or mu 1 a kn--~ i ti TYPEiRAlUr~l-, F ILM
Y(S,N)l + Of-IRU I lS b WEIGHNI, cGAs
Y (6, N) f or MIA I Hat I'AW ne tEMPERAILURE, A
Y (7, N) f or mu! a *t *3 VOLUME, GAS
Y (8, N) f r 1OriRII at i L 2 rm-SýAJRF'r , GA"
I r- I ft1. AL ITrUD C1 r0:;jRE

Z9Mod .Ii dv q r -e -s SOLAR ZENITH ANGLE
Z7 Model ft. AL.11IUDE, OPT1CAL AIR~ MASS

N01ES: 'def/irp' midi:Act- d coiFaiuiI voiluc ..- m be~Li.~~ intetal.Ui ive.Iy.
Ro~Fe tron c to-' a ~ieI 4ti n i~ nd 'for mttIA I- all bc- fot~lild il
pronraml 'FROIJIE* listing.
Reqtti rwd difnt ofi tr bbr cjut.ine terms: t-ai also be focund ill
pr opramr 'VR(JUI)E' 10Jt.jrJ.
Tr(-r mu 'A0STOP' a~nd 'TS3*rr~fl,~Ec it) prora C 'r3fFRCIUIE' hivoc no riofatilt1
vaI Luis; .So1uct r ecýb :v al im,,s UaELod cn expe-c terJ f I riht Fir o4i I e..
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